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Taxonomic botany is an advanced subject that deals not merely with 
the identification and naming of plants but also with their classification. 
Any approach to an understanding of plant taxonomy as thus broadly 
conceived requires considerable previous botanical training in related 
fields, especially those of morphology, anatomy, cytology, genetics, paleo- 
botany, and geomorphology. It cannot be presuiVied tijuij, ey.c^j student 
may have the opportunity or time to acquire as ti prerequisite even an 
elementary knowledge of these related sciences, nor should it be presumed 
that any single text need provide the material for such a background. 
However, any textbook devoted to the subject of taxonomic botany must 
make considerable use of the data available from these related topics, and 
must provide a sufficient explaiyition of their character and significance. 
This book has been prepared as^ text to meet these needs as required by 
beginning and intermediate students of systematic botany. Its level of 
presentation is sufficiently elementary not to presuppose formal training 
in all of the allied botanical sciences, yet it does open channels to further 
study of them by those more advanced students who may have had the 
benefit of a considerable botanical background. 

This text represents several marked departures from existing works. 
The subject matter is divided formally into two parts. Part One presents 
the more academic and theoretical considerations of taxonomy, supple- 
mented by explanatory chapters of the practical fundamentals found to 
be essential to a minimum working knowledge of the science. Part I'wo 
is composed of a systematic enumeration of the 264 families of vascular 
plants known to grow as indigens or exotics in North America north of 
Mexico, together with technical descriptions of each and pertinent discus- 
sions and other features as mentioned below. Supplementing this second 
part is an appendix providing an illustrated glossary of the botanical 
terms used throughout the text. The division of the text into these two 
parts is deliberate and has been effected in order to bring into one part 
(the first) those subjects that are topics of more detailed study and dis- 
cussion, and from whose bibliographies may be made assigned readings. 
The separation of the treatment of the individual families into the second 
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part was effected in the recognition that ordinarily the student is assigned 
one or a few families for study at any one time and in a sequence that 
may not necessarily follow that of this text. Adoption of this view made 
it possible to set the treatment of the second part in a smaller type face, 
thereby permitting the inclusion of this relatively large number of families 
within a single volume. A second departure incorporated in Part Two 
is in the form of detailed discussions of the phylogenetic and related 
considerations of each family, together with bibliographies to the 
taxonomic, morphological, and cytogenetic literature pertinent to that 
family. 

1 he text is an outgrowth of the author's experience as a research tax- 
onomist and as a teacher. The first 8 chapters deal with the theoretical 
and basic principles prerequisite to a comprehension of the scope of the 
science, and to an ability to make intelligent use of its literature. 1 he 
ninth chapter provides an explanation of the subject of plant nomencla- 
ture, supported by an annotated abridgement of the rules by which it 
operates. This annotated abridgement of the rules has been found to be 
a necessary adjunct to laboratory exercises concerned with the solution 
of nomenclatural problems encountered in most taxonomic work. Chap- 
ters X through XIII deal with the practical considerations attendant on 
field or herbarium studies, and serve as sources of basic information con- 
cerning procedures, techniques, and general curatorial problems. The last 
chapter of Part One comprises a considered and classified compilation of 
the literature of systematic botany, selected to indicate the scope of the 
literature and, by means of annotations, the partieular use and reference 
value of the more significant items that it includes. 1 he bibliographies 
terminating each chapter of Part One, and those at the close of the treat- 
ments of each family accounted for in Part Two, make no attenipt to rep- 
resent completeness and eontain, for the most part, those references perti- 
nent to American taxonomy and believed to be helpful to the student 
desiring to explore a particular phase of the subject beyond the limited 
scope of this text. 

That the text may not be unreasonably provincial in its scope or range 
of usefulness, more families of plants are treated in Part Two than is 
usual. It is left to the instructor to select for detailed study, from this ex- 
tensive enumeration, those families most pertinent to his particular needs. 
This treatment increases appreciably the utility of the text as a reference 
work and serves also to remind the student that there are many more 
families of vascular plants than the half hundred or so that may be 
studied in detail in the average taxonomy course. It may be of interest to 



PREFACE 


vii 

know that 87 per cent of the families treated in Part Two have repre- 
sentatives indigenous to or well established without cultivation in conti- 
nental United States and that 70 per cent of the total contain indigens 
occurring within the limits of the Gray’s Manual area. 

The arrangement of the families follows that of Engler and Diels. The 
selection of this system is not because of any belief that it is the phylo- 
genetically correct system, but rather because it is the only available 
system that has been devised to account in detail for the flora of the 
world. Taxonomy is employed throughout the civilized world, and any 
system devised to meet the needs of those classifying plants must be 
adapted to studies of plants from the world viewpoint. Furthermore, the 
Engler system was selected because most current American floras and 
manuals are based on it, as also are all of the larger American herbaria. 
There are more recent systems of classifying plants that more closely 
approximate our current concepts of true relationships of vascular plants, 
but of the two currently receiving most favor one (that of Bessey ) suffers 
currently from need of revision in the light of knowledge gained since 
1915, and the other (that of Tippo) has been applied only to the larger 
units of classification of the world flora. 

It will be noted in the second part of the text that neither floral dia- 
grams nor formulas are provided. These devices do serve as aids in fixing 
family characteristics in the minds of some students and are available in 
existing taxonomy texts. It is believed that their use, and the degree of 
complexity to which they may be developed, is a matter to be left to the 
judgment of each instructor and not properly a component of a text of 
this character. The diagnostic drawings augmenting the descriptions of 
most families illustrate characteristic features of important members and 
serve as visual aids to instructor and student. 

The illustrations and diagrams of Part One and of Appendix II have all 
been prepared especially for this work. Illustrations have been provided 
to show diagnostic and technical characters of each of the 264 families 
treated in Part Two, and are represented by 263 figures. Of this number, 
179 have been made available through the generosity of the author and 
the publisher of Bailey’s Manual, and arc figures that had been prepared 
earlier for that work under my direction. The balance of the figures have 
been drawn since then for this text. 

The glossary, comprising Appendix II, has been adapted from that in 
Bailey’s Manual of cultivated plants (ed. 2, 1949) subject to modifica- 
tions, amplifications, and a few corrections. The attempt has been made 
to account for every term employed in this text. Terms considered essen- 
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tial to the working vocabulary of beginning students are preceded by an 
asterisk, and the majority of these terms are illustrated in the figures 
accompanying the glossary. 

In preparing descriptions of plant families, effort has been made to 
insure that characteristics of comparable structures of broadly related 
families are given and in this way the critical comparisons of such struc- 
tures between these families are made possible. Like most introductory 
texts, little or no new and original material is presented in either Parts 
One or Two, it being especially true of taxonomy that before the com- 
plexities of advanced systematics can be assimilated effectively, the basic 
fundamentals, concepts, and working vocabulary must be mastered. 

In the preparation of the chapters of Part One, assistance has been 
enlisted of and freely given by a number of renowned authorities. The man- 
uscript copy of Part One has been read by Dr. R. C. Rollins, Director of 
the Gray Herbarium, Harvard University and by Dr. J. M. Fogg, Jr., Vice 
Provost, University of Pennsylvania, each of whom made many helpful 
criticisms and suggestions. That of the first 5 chapters was read critically 
by Professor A. J. Fames of Cornell University; Chapter V on phylogeny 
by Dr. W. B. Turrill, Keeper of the Herbarium, Royal Botanic Gardens, 
Kew; Chapter VIll on biosystematics by Dr. H. Ci. Baker, University of 
Leeds, by the trio of Drs. Jens Clausen, David Keck, and William Hicsey 
of the Carnegie Institution of Washington, and by Professor H. H. Smith 
of Cornell University; proof of Chapter IX on nomenclature was 
read in manuscript by Dr. T. A. Sprague and in proof by Professor J. 
Lanjouw; and Chapter XIV on taxonomic literature by W. \ . Steam, 
Librarian, Lindley Library, London. Proof of this chapter was read by 
Dr. A. Becherer, Conservatoire de Botanique, Geneva, well known for 
his knowledge of European botanical literature. From each of these, many 
valuable suggestions have been received and I gratefully acknowledge 
their assistance and express my sincere thanks for their generosity and 
helpfulness. The treatments of many of the families of Part Two have 
been read critically by botanists who have monographed or made special 
studies of them and these include (together with the families reviewed) : 
Abbe, E. C. (Betulaceae, Fagaceae, Leitneriaceae ) ; Allen, C. K. (Lau- 
raceae); Bailey, L. H. (Palmae); Ball, C. R. (Salicaceae) ; Benson, L. 
(Ranunculaceae); Camp, W. H. (Ericaceae); Clausen, R. T. (Crassula- 
ceae); Clover, E. (Cactaceae); Constance, L. ( Hydrophyllaceae, Um- 
belliferae); Cowan, R. S. (Rutaceae); Cronquist, A. (Compositae, 
Sapindaceae, Simaroubaceae); Cutler, H. C. (Ephedraceae) ; Dillon, G. 
and Schweinfurth, C. (Orchidaceae); Epling, C. (Labiatae); Fassett, 
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N. C. (Podostemaceae) ; Foster, R. C. (Iridaccae) ; Gleason, H. A. 
( Melastomaceae ) ; Holm, R. W. (Asclepiadaceae) ; Johnston, 1. M, 
(Boraginaceae) ; Kearney, T. H. (Malvaceae); Kobuski, C. E. (The^ 
aceae); Laubengayer, R. A. ( Polygonaceae ) ; Leonard, E. C. (Acan- 
thaccae); MeVaugh, R. (Campanulaceac); Maguire, B. (Caryophyl- 
laceae, Guttiferae, Hypericaceae ) ; Manning, W. E. (Juglandaceae ) ; 
Mason, H. L. ( Polemoniaceae) ; Moldenke, H. N. (Eriocaulaceac, 
Verbenaccae ) ; Moore, H. E. Jr. ( Amaryllidaceae, Commelinaceac. 
Geraniaceae) ; Morton, C. V. (Gcsneriaceac, Solanaccac); Moseley, M. 
F. Jr. (Casuarinaceae) ; Munz, P. A. ( Hydrocaryaceae, Onagraceae); 
Pennell, F. (Scrophulariaceae) ; Perry, L. M. ( Myrtaceae ) ; Rollins, 
R. C. (Cruciferae) ; Smith, A. C. (Araliaceae, Cercidiphyllaceae, Eupte- 
leaccae, Hippocrataceae, Illiciaccae, Magnoliaceae, Myristicaceae, Schi- 
sandraceae, Letracentraceae, Trochodendraceae) ;*Smith, F. N. (Santa- 
laceae); Smith, L. B. (Bromeliaccac) ; Swallcn, J. R. (Gramineae); 
Tippo, O. (Eucommiaceae, Urticales); Tryon, R. M. (Pteridophyta) ; 
Uhl, C. H. (Crassulaceae); Uhl, N. W. (Helobiae); Wheeler, L. C. 
(Euphorbiaceae); Woodson, R. E. Jr. (Apocynaceae, Asclepiadaceae). 

To each of these authorities of special interests I acknowledge freely 
the very material assistance received, and while most or all of their con- 
structive criticisms were incorporated in the respective treatments, I 
assume full responsibility for the presentation in this text. In addition to 
these, J wish to acknowledge the cooperation of the botanical illustrator, 
Miss Marion E. Ruff, whose meticulous care and skill arc reflected in the 
drawings prepared by her. Material assistance and encouragement have 
been received from my associates at the Bailey Hortorium, notably W. J. 
Dress, H. E. Moore Jr., E. Z. Bailey, and L. H. Bailey, to all of whom I 
express my sincere thanks and appreciation for their friendly cooperation. 
Numerous other botanists have been consulted on many aspects of 
material incorporated in this text and have been most generous in their 
response. To each of them 1 express my gratitude for their helpful opin- 
ions and counsel. Revised drafts of the manuscript were typed by my 
wife, Miriam B. Lawrence, without whose patience and understanding 
this book would not have been completed. 


G. H. M. L. 

Ithaca, N, Y, 

July, 1951 
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PART I 

I? 

PRINCIPLES 
AND PRACTICES OF 
PLANT TAXONOMY 




CHAPTER I 


INTRODUCTION 


Taxonomy is a science that includes identification, nomenclature, and 
classification of objects, and is usually restricted to objeets of biological 
origin; when limited to plants, it is often referred to as systematic botany. 
In this text the taxonomy of vascular plants incUides the systcmatics of 
the taxa ^ known as pteridophytes, gymnosperms, and angiosperms. Tax- 
onomy, as a biological science, has been defined variously by Icadin^^ 
authorities, and the above statement is not to be construed as a formal 
definition but rather as an indication of the scope of the subject. Some 
earlier botanists restricted the term taxonomy to account for the principles 
underlying a system of classification. In contrast, systcmatics was treated 
by them as pertaining to the classification of plants within a particular 
nomenclatural system. There may be valid cause for recognizing these 
distinctions in concept, but if they were to be accepted there would remain 
the need for a single collective term to account for the several functions 
represented by identification, nomenclature, and classification. A plant 
taxonomist is recognized universally as one who identifies, names, and 
classifies plants; taxonomy as a workable term must likewise embrace 
these same functions. 

The terms taxonomy and systematic botany are used interchangeably 
throughout this text. Plant taxonomy as a science is treated in its ortho- 
dox sense, that is, a science based fundamentally on morphology with 
the support of all interrelated sciences. This text treats descriptive 
taxonomy largely as of historical interest and, while recognizing the 
biological objectivity of the newer systcmatics and the potentials of their 
goals, accepts their tenets only in so far as they are compatible with the 
objectives outlined below. 

Identification is the determination of a taxon as being identical with 
or similar to another and already known element; the determination may 
or may not be arrived at by the aid of literature or by comparison with 

* Explanation and discussion of the terms taxon and taxa are provided on p. 53. 
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plants of known identity. In some instances, the plant may be determined 
to be new to science, a situation that results after elimination of the pos- 
sibilities of its being like any known element. No names need be involved 
in the process of identifying a plant. For example, suppose that three 
related plants arc at hand and are determined to represent three separate 
species; fhen suppose that a fourth plant of the same relationships comes 
to hand and by examination is found to be similar to the second of the 
first three; the recognition of this fourth plant as similar to another is its 
identification — the new plant has been identified as being like another 
known plant. 

Nomenclature is concerned with the determination of the correct name 
of a known plant according to a nomenclatural system. Once the plant 
has been identified it becomes necessary that it have a scientific name 
that, in effect, it may have a handle by which to be designated. The nam- 
ing of plants is a subject of international importance. It is a function of 
taxonomy that is regulated by what arc known as the International Rules 
of Botanical Nomenclature. These rules direct the procedures to be fol- 
lowed for the determination of the name to be applied to a particular 
plant, or to be followed in situations requiring the selection of a name 
for a new plant. 

Classification is the placing of a plant (or group of plants) in groups 
or categories according to a particular plan or sequence and in con- 
formity with a nomenclatural system. Every species is classified as a 
member of a particular genus, every genus belongs to a particular family 
the family to an order, the order to a class, and so on. In actual practice, 
classification deals more with the placing of a plant group in its proper 
place within the selected schema than the placing of an individual plant 
in one of several minor categories. The theory of evolution postulates 
that plants now living arc descendants of ancestral types; this means that 
there are genetical relationships of all degrees of proximity among living 
plants just as there are similar relationships among vertebrate and other 
animals. The principles of modern plant classification recognize that these 
relationships exist, and these principles have been formulated in an 
attempt to bring related plant groups together in so far as knowledge of 
them permits. This knowledge, assembled for the purpose of arriving at 
a satisfactory classification, must be drawn from all available sources — 
many of which are beyond the limits of taxonomy. Among these sources 
are those phases of science that deal with plant morphology, anatomy, 
cytology, genetics, paleobotany, phytogcography, ecology, geomorphol- 
ogy, and biochemistry (serology). If a plant is a variant of a species, it 
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is not difficult to determine the species with which it is affiliated. How- 
ever, the higher the category, the greater is the difficulty of determining 
the relationship of its components to other taxa of the same level, and 
the problems of classification become increasingly complex. In ordinary 
practice, categories above that of the family are seldom considered in 
taxonomic studies of plant relationships (classification). The classifica- 
tion of the higher as well as the lower categories is a subject somewhat 
apart from taxonomy in the descriptive or classical sense, but by modern 
concepts is closely integrated with it. The classification of taxa is called 
phylogeny. The main interests of phylogenetic studies are the composi- 
tion, disposition, and classification of taxa especially in the categories of 
family, order, class, and larger groups. The results of such studies arc of 
vital importance to the taxonomist. The significance of phylogeny is 
receiving increasing attention by most taxonomist-s, and greater recogni- 
tion is being given to it especially at the lower levels of classification. 
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TAXONOMY AND ITS SIGNIFICANCE 


Taxonomic study has among its objectives the learning of the kinds of 
plants on the earth and their names, of their distinctions and their affini- 
ties, their distributions and habitat characteristics, and the correlation of 
these facets of knowledge with pertinent scientific data contributed by 
research activities of related fields of botanical endeavor. In the begin- 
nings of the science of taxonomy, small fragments of plants were col- 
lected, and they, together with the scant notations on their labels, provided 
the basis of cursory herbarium studies and of initial records of the floras 
of large areas. It is now recognized that competent taxonomic work is 
the product of a knowledge of the plant as it grows naturally, of study of 
an adequate scries of specimens representing it and its immediate allies, 
and of a synthesis of these data with other available pertinent data collated 
from related fields. The information accumulated from these studies is 
fundamental to the scientific knowledge of the inventory of the earth’s 
plant resources. 

A secondary objective of taxonomy is the assemblage of knowledge 
gained. This is usually in the form of treatises useful to fellow scientists 
and to civilization in general. The mere acquisition of the knowledge, 
the mere possession of the inventories, is sterile unless it is made available 
to others; only then is it of use and an aid to the progress of civilization. 
This conversion of taxonomic data from a status of sterility to fertility is 
accomplished in many ways. Floras are published to account for the 
plants of a given area; manuals are prepared that the plants of an area 
may be the more readily identified and named; revisions and monographs 
arc published that one may know the extent and delimitations of a par- 
ticular group and its components; distributional studies are published 
that others may know of range extensions, corrections, and interrelation- 
ships of the taxa within an area. In addition to these, there are built up 
great collections of pressed specimens of the plants that serve as the basis 
of the scientific studies and publications, collections that become the 
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cornerstones of the work published, for they are the proof and the evi- 
dence of the identity of the material concerned. All these products of 
taxonomic research add to the resources available to the scientist. They 
are essential to any study of the natural resources of an area, to studic'; 
of land potentials, to evaluations of resources of raw materials possibly 
suited to man's needs in a multiplicity of activities (as, for example, forest 
products, medicines, food, ornamentals, agricultural crops, and indus- 
try). As long as world populations increase and areas of low population 
density exist, man will demand an increasing quantity of biological data 
concerning those areas of low population density — data that will serve 
as factors influencing human migrations. For purposes of comparison, he 
will demand also similar current information on the more densely popu- 
lated areas. 

A third, and scientifically basic, objective is the demonstration of the 
tremendous diversity of the plant world and its relation to man's under- 
standing of evolution. An organized reconstruction of the plant kingdom 
as a whole can be made only after the inventory of its components (the 
plants ) has been assembled. When this has been done, the charting of the 
degree and character of variation will demonstrate its diversity, and these 
data can then be integrated with other facets of evolutionary knowledge 
to produce a more accurate phylogenetic schema. 

Interrelationships with allied sciences 

Taxonomy is dependent on many other sciences and they in turn arc 
equally dependent on it. A taxonomist must have a knowledge of mor- 
phology; he must know not only the gross morphology of the plants with 
which he works, but if he is to comprehend the relationships of these 
plants he must often be conversant with studies of their embryology, 
floral anatomy, ontogenetical development, and teratological variations. 
Modern systematists place considerable value on the importance of 
cytogenetic findings as criteria in delimiting the species and its elements; 
data of this character have proved to be of inestimable value in demon- 
strating the presence and taxonomic significance of exceptional chromo- 
somal situations and of breeding behavior over successive generations. 
In this connection attention has been focused on the significance of the 
correlation of these studies with the responses of genetically uniform 
plants when grown simultaneously in an assortment of environments. By 
means of these correlations, the less significant environmental characters 
may be segregated from the more fundamental characters of genetic 
origin. This segregation has resulted in a shift of emphasis from the view- 
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point thal the species is of morphological distinction only to that of its 
being a biological unit of combined morphological and genetical dis- 
tinctions. In addition to an appreciation and understanding of the con- 
tributory value of morphological, anatomical, and cytogenetical findings, 
modern taxonomic studies reflect the significance of distributional patterns 
and of more detailed data concerning the extent of normal variation and 
its causes. All these wider viewpoints demonstrate the increasing de- 
pendence of taxonomy on the findings of related sciences; the product of 
modern taxonomic research is rapidly becoming one of synthesis rather 
than of individual conclusions. 

Prol>leinH in taxonomy 

Taxonomy is one of the older botanical sciences. Its development fol- 
lowed closely that of the exploration of the earth’s surface. Prior to the 
explorations into the New World, man’s knowledge of plants was re- 
stricted for the most part to the plants of the greater Mediterranean area 
and extensions from it. Communications with new lands accompanied 
exploration and colonization. Collections of natural resources were sent 
back to homelands. As the number of new plants received from these 
outlying areas multiplied and the information about them increased, the 
older systems for their classification and naming became inadequate. 
These were replaced by successively more adequate and at the same 
time more complex systems. During the eighteenth and early nineteenth 
centuries the studies we now call taxonomic dominated the field of 
botanical activity. However, it was not long before interest in the subject 
was surpassed by interest in the new and related fields. This was particu- 
larly true in those fields opened by Darwin’s and Wallace’s theories of 
evolution, by DeVries’ theories of origin by mutation, by Mendel’s laws 
of heredity, and by rapid developmental improvement in equipment and 
techniques, especially the microscope, whereby could be observed the 
nature of chromatin material within nuclei and more recently perhaps 
even the genes themselves. A half century ago many biological workers 
believed that most of the vascular plants of the world were then known, 
that the taxonomist occupied himself with efforts to differentiate between 
tweedledee and tweedledum, and that when not so busied was annoying 
others and inflating his ego by changing names, splitting species, or 
merely “working over old hay.” Recent decades have witnessed a revival 
of interest in the science; a revival engendered in part by renewed explora- 
tions, by the recognition that taxonomic groups are biological entities and 
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not merely morphological aggregates, by a re-evaluation of phylogenetic 
criteria in which wholly new concepts of group relationships have mate- 
rialized, by extended field studies correlating morphological variations 
with environmental and distributional factors, and by a realization of the 
significance of synthesis of all these related data toward the resolution of 
the problems of systematics in the world's vascular flora. 

The vascular flora of the earth is not at all so well known as the many 
savants of a half century ago believed. Vast areas c^f South America, 
Africa, the large island groups that comprise Oceania, Australasia, and 
much of western Asia are recognized today as botanically little known. 
To bring the problem closer home, and despite the existence of published 
floras for some of the areas, the lands of Central America and of Mexico 
have not been well explored for their plants; every year finds literally 
scores of species wholly new to science being described from collections 
made in these regions. Domestically, the components of the vascular 
flora of the southeastern region of the United States are not adequately 
known, those of Alaska are only beginning to become known, and much 
territory in western Canada remains to be surveyed for its plants. In all 
these areas the problems of floristics are many and challenging. 

The taxonomist is interested in the problems associated with the dis- 
tributions of plants, for distributional data may be related closely to the 
migrations of plants. Knowledge of plant distribution is pertinent to the 
determination of geographic areas of origins of species, of genera, and 
often of families — all factors that are important in determining matters 
of genetical relationships. These studies in distribution and geography 
bring taxonomy into the field of phytogeography, the inquiry into why a 
group occupies the area that it does, how long it has been there, how 
rapidly it is migrating, and what evolutionary trends it is showing. Studies 
with this wider viewpoint represent a synthesis of ecologic, genetic, and 
taxonomic aspects leading to a better understanding of a series of common 
problems. 

The subject of speciation has always presented a problem to the tax- 
onomist. The literature that has accumulated in the attempt to answer the 
question of “what is a species?” is voluminous, and by no means are the 
answers in accord. Long has it been said that species arc judgments, 
which is another way of saying that there can be as many definitions and 
concepts of a species as there are taxonomists. The newer systematics, 
based on the premise that species are not judgments, but rather are bio- 
logical units that have evolved from a series of often identifiable ances- 
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tors, has postulated certain hypotheses by which the smaller taxa of plants 
(genera, species, and their subdivisions) may be circumscribed by a 
combination of genctical, ecological, and morphological criteria. A 
species is considered, by supporters of these views, to be an objective 
definitive unit. However, analysis of their work fails to reveal any appli- 
cation of complete objectivity, and the taxa they would label as species 
do represent judgments to a degree. Nonetheless, their efforts toward 
objectivity have produced noteworthy milestones in taxonomic progress. 
The application of their criteria has placed taxa of more or less equivalent 
biological significance in their respective categories. These categories 
take on a more definite meaning, they have a biological significance, and 
plants assigned to them can be expected to follow prescribed patterns of 
behavior; large and unwieldy groups can be reorganized into biologically 
related taxa, and order can be expected slowly but definitely to emerge 
from confusion. The application of these principles of biosystematics 
requires infinite time, care, and patience, and may represent the long- 
term and ultimate solution to many taxonomic problems concerning 
genera known to be genetically less stable than others. In the interim 
until such data are available, the older and more orthodox principles of 
taxonomy will remain in effect; they must remain in effect because there 
is as yet no substitute for them. The scores of thousands of plants recog- 
nized today as species have been established by the application of exist- 
ing and established principles of taxonomy. These principles arc employed 
by the biosystematists in selecting the taxa with which they work and by 
which they measure — to a degree — the progress of their research. The 
use of orthodox and conventional principles is the only means whereby 
immediately useful and applicable results of taxonomic research can come 
to fruition. The problems awaiting the test of the principles of biosys- 
tematics arc many, some are more acute than others, and in them the 
opportunities for basic taxonomic research are unlimited. 

Opportunities 

The resolution of the accumulated knowledge of the earth’s flora is 
far from perfect, and will become more perfect only by, first, exploration 
of its areas, collection of its components, their study and classification, 
and second, by the publishing of competently prepared floras, manuals, 
revisions, and monographs of elements of its flora. Large areas of our 
continents have no published accounting of their floras, others have none 
less than 50 to 100 years old, and the probability is that as many more 
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plants have been discovered for these latter areas since the time of their 
publication as were accounted in them. In focusing attention on tax- 
onomic problems that are close to home, it should be noted there is no 
tlora of Mexico, nor of Canada, nor even of the United States. Domesti- 
cally, we do have floras accounting for the flowering plants of many of 
our states; many of these are old, others were based on herbarium col- 
lections and unsupported by careful field observations, some states have 
no flora published within the last century, and a few have no published 
flora at all. The problems in these fields of taxonomic activity are many 
and acute, and they are within the reach of every student of taxonomy. 
In this connection it should be noted also that some of our currently best 
local or county floras have been the result of assiduous field studies and 
collections by amateur botanists. Similar problems await resolution by 
the trained taxonomist who is most interested in monographic work. 
There is a great need for competently prepared revisions and mono- 
graphs of a large number of genera and families. 

In addition to these problems open to and currently requiring the 
abilities of the trained and amateur taxonomist who is interested in the 
indigenous flora, there are equally important and abundant problems open 
to the trained taxonomist who will work with cultivated plants. Too often 
the botanist will avoid the exotic or lowly cultivated plant, deprecating 
it as “rubbish'’ or not deigning to attempt to identify and name it because, 
not knowing where it was native, he does not know what flora or manual 
would account for it; another would consider it to be a monstrosity, a 
hybrid, or a clonal selection and hence beyond the pale with respect to 
his abilities. Despite and because of these ill-conceived defenses by many 
taxonomists the challenge to identify cultivated plants is paramount. 
Here is a fertile and too-long neglected field for taxonomists to enter. 
Few taxonomists have any degree of intimate acquaintance with the 
world’s flora, but rather are inclined to become specialists in the flora 
of a particular region or for a particular group; it is an easier and surer 
path The cultivated flora has no geographic boundaries; it has been 
brought in by man from all of the continents. Surprisingly enough, of 
the scientifically named species current in the domestic trade, the great 
majority of them can be reasonably well aligned with their indigenous 
counterparts. To be sure, vernacularly named variants representing all 
manner of genetic potpourri and devoid of all vestiges of apparent rela- 
tionship to indigenous ancestors, are found in some groups (such as 
chrysanthemums, wheat, corn, apples) but their generic affinities are 
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readily recognized and their speciation — if any — is of minor concern. 
The solution to the problem of the systematics of cultivated plants would 
appear to lie with the production of more and better world monographs 
and revisions of families and genera, and by increased attention on the 
part of trained taxonomists to the needs of the economic botanist and 
horticulturist. 



C 11 A P T E II III 
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HISTORY OF CLASSIFICATION 


The contemporary status of any facet of science is better comprehended 
and oriented by the student who has a knowledge of its beginnings and 
development. The history of plant classification is a fascinating subject 
because one learns not only of the men responsible for it and of their 
contributions, but also that from all these contributions there is being 
evolved a classification of plants based on biological facts. From this 
historical survey one should expect to learn not only of the progress of 
the science but also of the persons who clTected that progress. By 
acquainting oneself with these men as persons one finds that their scien- 
tific contributions become of more lasting interest. 

Many different classifications of plants have been proposed. They are 
recognizable as being or approaching one of three types: artificial, 
natural, and phylogenetic. An artificial system classifies organisms for 
convenience, primarily as an aid to identification, and usually by means 
of one or a few characters. A natural .system reflects the situation as it is 
believed to exist in nature and utilizes all information available at the 
time. A phylogenetic system classifies organisms accord^mife their evolu- 
tionary sequence, it reflects genetic relationships, andljUPfeibles one to 
determine at a glance the ancestors or derivatives (when pre.sent) of any 
taxon. The present state of man’s knowledge of nature is too scant to 
enab^'. one to construct a phylogenetic classification, and the so-called 
phylogenetic systems represent approaches toward an objective and in 
reality are mixed and are formed by the combination of natural and 
phylogenetic evidence. 

Artificial systems are not commonly in current use. The classical 
example is the so-called sexual system of Linnaeus, by which plants are 
classified by the number and arrangement of sexual parts. A similar 
usage of artificial is found in the well-known artificial keys where taxa 
are segregated by pairs of single or few characters and the sequence of 
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the taxa in the key is usually wholly unrelated to their natural or phyletic 
groupings. 

Natural systems of classifications (or those alleged to be natural) have 
existed since before the time of Linnaeus, and the philosophy on which 
they were based remained dominant until displaced by those based on 
modern concepts of evolution founded on the works of Darwin and his 
successors. The philosophy of pre-Darwinian naturalists was essentially 
that a natural system and a Divine plan were the same, for, accepting the 
dogma of Special Creation, they believed that a Divine power created all 
nature according to a perfect plan which man could discover to a degree. 
To them, a natural system was one in accord with nature, and was one 
which represented life as it occurred in nature. 

Organized systems of classification fall readily into one of four types 
and periods. The earliest systems were based on the habit of the plant; 
these were replaced by a widely adopted system based on numerical and 
sexual parts of the plant, a system abandoned in favor of others in which 
relationships of form provided the central focal point. The more recent 
and contemporary systems are those based on presumed phylogenetic 
relationships. Only those of the last period pretend to be phylogenetic 
systems or to be systems based on the synthesis of all discoverable 
evidence. 

Period I. ClaHHifieatioiiH based on habit 

The systems of classifications propounded by the Greeks, and by 
herbalists and botanists for a period extending over 10 centuries, were 
based primarily on the habit of plants. Trees, herbs, vines, and so on 
constituted major groups of plants. Systems of this character were 
dominant during a period from about 300 b.c. to the middle of the 
eighteenth century, a period during which philosophers, herbalists, and 
botanists devised numerous, often crude, systems of classification con- 
sidered by them to represent natural affinities. 

THEOPHRASTVS (370-285 b.c.), a student of Aristotle and known 
as the Fathe r of Botany, re flected the philosophy of his teacher and of 
Plato, Aristotle’s teacher, when he classified all plants on the basis of 
form or texture: trees, shrubs, undershrubs, and herbs, and distinguished 
between annual, biennial, and perennial duration. Theophrastus also 
differentiated between centripetal (indeterminate) and centrifugal (deter- 
minate) inflorescences, recognized differences in ovary position, and in 
polypetalous and gamopetalous corollas. Although he brought plants 
together by these groupings, making possible more generalized and 
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intelligent discussion, he recognized only vaguely relationships among 
them, and the groups he established were strictly artificial. In his Historia 
plantarum he roughly classified and described about 480 kinds of plants. 

ALBERT US MAGNUS (1193-1280), Bishop of Ratisbon and some- 
times known as Albert of Bollstadt, was a scholar who is believed to have 
been the first to recognize, on the basis of stem structure, the differences 
between monocotyledonous and dicotyledonous plants — an unusual 
observation in view of the crude lenses then available. In other major 
respects he accepted the classification of Theophrastus. 

OTTO BRUNFELS (1464-1534) was one of the first of the group 
of renowned herbalists who described and to some degree illustrated the 
plants of the world then known. Particularly were they interested in the 
purported medical values and domestic uses of plants, assumed attributes 
that were greatly confused by superstitions, misconcei5tions, and sorcerous 
folklore. Brunfels, a German, was first a Carthusian monk, then a school- 
master, a Protestant theologian, and ultimately a physician. He produced 
one of the first illustrated h^^rbals (comprising largely material from 
the works of Theophrastus, Dioscorides, and Pliny) and is to be remem- 
bered particularly as the first person to recognize the Perfecti and Im- 
perfectly groups of plants based on the presence and absence of llowcrs, 
respectively, and as observable by the naked eye when the plant or 
flowering branch was held at arm’s length. 

The herbalists as a group are important for their contributions to the 
descriptive phases of systematics. Many genera commemorate their 
names, as for example, Brunfelsia for Brunfels; Fuchsia , for the Bavarian 
physician Leonard Fuchs ( 1501-1566); Lobelia for the Dutch herbalist 
Mathias de L’Obel (1538-1616); Gerardia for the English barber, sur- 
geon, and botanist John Gerard ( 1 545-161 2 ) ; and Clusia for the Flemish 
botanist Charles L’Ecluse (1526-1609). 

JEROME BOCK (1498-1554), who wrote also under the Latinization 
of his name Hieronymus Tragus, was also an herbalist. He was in suc- 
cessive periods a schoolteacher, Lutheran minister, and a physician who 
indulged in botanical studies as a hobby. In his herbal he classified 
plants as herbs, shrubs, and trees, but endeavored to bring together 
related plants within these categories, for in the preface of his herbal he 
stated: ^ ‘T have placed together, yet kept distinct, all plants which are 
related and connected, or otherwise resemble one another and are com- 
pared, and have given up the former old rule or arrangement . . . For 

‘ English translation from the German, in Arber, A., Herhals, p. 166. 
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the arrangement of plants by [these older methods] occasions much 
disparity and error.” In addition to originality in arrangement, Bock, 
unlike some of his plagiarizing predecessors and contemporaries, based 
his plant descriptions largely on personal and critical observation. In 
addition he provided notes on the natural distribution of many plants, 
and denied the validity of much of the folklore and superstition associated 
with presumed virtues of plants. 

ANDREA CESALP1NO (1519-1603) was an Italian botanist and 
physician who has been referred to as the first plant taxonomist. In his 
one important botanical work, De plantis ( 15857TTTFlTnnTj3ed an intro- 
ductory book or chapter that provided the basis for his classifica- 
tion of about 1500 plants. Cesalpino was an Aristotelian scientist in that 
his conclusions were based on reasoning rather than an analysis by 
observation. Teleology was accepted by him and treated as of major 
importance. He believed leaves to have been provided for the protection 
of buds, flowers, or fruit, denied the existence of sex in flowers,- treated 
the pith of dicots as a homologue of the spinal column of vertebrate 
animals, and contended that plants had a nutritive soul. Taxonomically 
he classified plants first on the basis of habit, dividing all into trees and 
herbs and subdividing them on the type of fruit and seed produced. 
Second, he recognized and used as classifying characters, those of the 
ovary being superior or inferior, the presence or absence of bulbs 
(fleshy rootstocks) or of milky vs. watery sap, and the number of 
locules in an ovary. Cesalpino wrote his opinions in narrative form and 
they were not arranged in any outline or synopsis. This may account 
in part for their not having been adopted by his contemporaries or imme- 
diate successors. On the other hand, the views of Cesalpino did influence 
the thinking of such later men as Tournefort, Ray, and Linnueus. 

' JEA N \JOHA NN] BA UHIN ( 1 54 1 -1 63 1 ), a French and Swiss phy- 
sician, is important for his excellently illustrated Historia plantarum uni- 
versalis published posthumously (1650) in three volumes by his son- 
in-law J. H. Chcrler. This was a comprehensive work and dealt with 
the synonymy of about 5000 plants. In addition, it included descriptions, 
which for the first time in botanical history were good diagnoses of the 
species he treated. Earlier his brother Gaspard [Casper] (1560-1624) 
published a Pinax (1623), a work containing names and synonyms of 
about 6000 species and one that remained dominant for over a century. 

^ It has been alleged that the existence of sexuality in plants was denied by the 
Church, and that the Vatican disciplined communicants who would admit it, but no 
evidence has been found in support of this. 
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Like his near-contemporaries, the herbalists, Gaspard Bauhin classified 
plants on the basis of texture and form. He is to be remembered also 
as one of the first to distinguish nomcnclaturally between species and 
genera. To many of the plants classified and described by him, he gave 
a generic and specific (trivial) epithet. This binary nomenclature, with 
which Linnaeus is usually credited, was founded, therefore, by Bauhin 
more than a century before its use by Linnaeus in his renowned Species 
plantar um, 

JOSEPH PITTON de TOURNEFORT (1656-1708) continued the 
long-standing form classification of plants and devised his own modifi- 
cations of earlier systems. He divided flowering plants into 2 large cate- 
gories, trees and herbs. Each of these was subdivided into groups based 
on characters such as flowers petal-bearing or nonpetal-bearing, flowers 
simple or compound (groups akin to the polypetalous and gamopetalous 
subdivisions of later authors), and flowers irregular or regular. His sys- 
tem was adopted widely throughout Europe. It prevailed in France until 
superseded by that of de Jussieu (about 1780) and in the rest of western 
Europe until displaced by that of Linnaeus (about 1760). This system 
exerted great influence but was considerably inferior to that published a 
decade later by John Ray. 

In addition to developing a system of plant classification, Tournefort 
is known as the father of the modern genus concept. Many of his generic 
names were validated by later botanists and remain well known to the 
present. They include (to mention only a few) Salix, Populus, Fagus, 
Betula, Lathyrus, Acer, and Verbena, Although not the first to use generic 
names (cf. under Bauhin), Tournefort was the first to set the genera 
apart, treating the genus as the smallest practical unit of classification, 
and considering the species as variants of the genus. 

JOHN RAY (1628-1705) was an English philosopher, theologian, 
and naturalist. He proposed a system of classification, long before that 
of Linnaeus, which took the best from such predecessors as Albertus, 
Cesalpino, Malpighi, and Grew and grouped plants together on the basis 
of relationship of form. As presented in its last revision {Methodus 
plantarum, 1703) Ray proposed a classification accounting for nearly 
18,000 species, and under the main divisions of woody and herbaceous 
plants, he recognized the taxa of monocots and of dicots, the classes 
based on fruit type (cone-bearing, nut-bearing, bacciferous, pomiferous, 
pruniferous, and siliquous), and subdivided these on the basis of leaf and 
flower characters. It was a system based on form and gross morphology 
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of plant ^structures, and in many respects was superior to the artificial 
Linnaean system that came later. Ray’s classification was the direct ante- 
cedent of the system later devised by Bernard de Jussieu. It was the 
basis of the philosophical approach used by Linnaeus in his Critica 
hotanica and his Philosophia botanica and (as pointed out by Svenson, 
1945) “the technical approach of Species plantarum, the methoclus, is 
modeled also on the work of Ray.” 

IVriocI 11. Artifieiul Hystems based on numerical classifications 

This period was characterized by systems of classification that were 
designed deliberately to be artificial and to serve solely as aids to identifi- 
cation. In this period of plant classification, the botanists did not follow 
the classification of form that had been prevalent since the era of 
Aristotle, yet in arriving at their conclusions of relationships they were 
influenced by the type of reasoning so forcefully put forward centuries 
earlier by Aristotle. 

CAROLUS LINNAEUS (1707-1778), or Carl Linne (Fig. 1) as he 
was known until he reached middle age, is regarded as the father of tax- 
onomic botany and zoology, and is considered by many to have been the 
most prodigious systematist of all time. Linnaeus, his works, and extant 
collections have been and will continue to be the hub from which all 
serious taxonomic research at the lowest (species) level must emanate. 
Because of past and present great importance of this titan to systematic 
botany, every student should become reasonably conversant with his life, 
his works, and the important works of his students. 

Linnaeus was born May 23, 1707, in Rashult, southern Sweden. Early 
in life Carl developed a germ of interest in plants. At the age of twenty 
he entered the University of Lund, but transferred to the University of 
Uppsala a year later. While a student, and under the guidance of Dr. 
Rudbeck (for whom he later named the genus Rudbeckia), he published 
( 1729) his first paper on the sexuality of plants. The favorable publicity 
accorded this paper was responsible to a large degree for his appoint- 
ment as a demonstrator in botany at Uppsala. The following year, pro- 
moted to the rank of Docent, he published (under the Latinized title of 
Hortus uplandicus) an enumeration of the plants in the Uppsala 
Botanical Garden. In this listing the plants were arranged according to 
the system of Tournefort. However, the number of plants in the garden 
soon exceeded in kinds the number that could be classified readily by 
Tournefort’s system, causing Linnaeus to publish a new edition of his 
Hortus uplandicus. In this new edition the plants were classified accord 
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ing to a system of his own devising — his so-called sexual system. For the 
next 7 years he studied primarily those plants not available to him at 
Uppsala. 

The period of 1737 through 1739 was exceedingly important in the 
life of Linnaeus. In the spring of 1737 he went to Germany and in June 
to Holland where, after a very short term of residence, he received his 
M.D. degree from the University of Haderwijk. The following month 
he visited Dr. Gronovius in Leyden, a physician and naturalist of much 



Fig. 1. Carolus Linnaeus, 1707-1778. 
Sketch by M. E. Ruff, from photograph, 
courtesy of the New York Botanical Garden. 


means and affluence. Gronovius was so favorably impressed by Linnaeus 
that he offered to publish immediately Linnaeus’ manuscript of his later 
famous Sy sterna naturae y a work providing the foundation for the classifi- 
cation of all plants, animals, and minerals. On his return journey to 
Sweden in August, he stopped in Amsterdam to meet a Dr. Burman, a 
physician, who persuaded Linnaeus to remain with him long enough to 
work over and identify a collection of plants received from Ceylon. 
While here Linnaeus met Mr. George Clifford, Director of the Dutch 
East India Company and one of the very wealthy men of Europe. Clif- 
ford, a hypochondriac, was a patient of Dr. Burman, and on Barman’s 
advice hired Linnaeus to serve as his personal physician and also to 
identify all the plants growing on his vast estates at Hartecamp, Nether- 
lands, not far from Leyden. For Linnaeus, the living conditions at Clif- 
ford’s were the best of his life and not only was he, for the first time in 
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his life, completely free from all financial worries, but was able also to 
have published, at Clifford’s expense, several important manuscripts. It 
was by these fortuitous circumstances that late in 1737 Linnaeus’ now 
well-known Genera plantarum and Flora lapponica were published. 
While these works were in press, Clifford sent Linnaeus to visit the bota- 
nists and botanic gardens of England. On his return he spent 9 months 
preparing the manuscript for a sumptuous work, Hortus Cliffortianus, in 
which were named and described many temperate and tropical plants 
grown by Clifford. This work is important to present-day systematists 
because in it were illustrated and amply described many plants treated 
very briefly by Linnaeus in his later works, including also many plants 
received by Clifford from America. In April of 1738 Linnaeus again 
prepared to return to his homeland, making the trip via Paris, where 
he visited the de Jussieu brothers and went on a week-end collecting 
excursion with Bernard de Jussieu. 

No other period of Linnaeus’ life was as productive of botanical work 
as the approximately three years spent in Holland. During this period he 
published 14 treatises, many of them prepared or written during earlier 
years in Sweden. Most of these were the first editions of the books that 
today make him famous. Only one new work, his Species plantarum, was 
published after this time. During this stay in Holland he did not learn 
to speak Dutch. Although he was president of a select organization of 
Dutch scientists, and a lecturer on many occasions, he consistently de- 
livered his talks in Latin — the language then well understood and used 
professionally by all academically educated people. 

On his return to Stockholm, Linnaeus established a very large medical 
practice, treating among others the Queen of Sweden, and was appointed 
physician to the Admiralty. Later Linnaeus was appointed Professor of 
Practical Medicine at Uppsala. This appointment gave him the academic 
prestige he needed, the opportunity to teach botany, his preferred subject, 
to conduct field trips, and to direct the administration of the botanic 
garden. He held this position until 1775, when he was retired at his own 
request on a small pension. During this extended period his classes were 
well attended, and it is recounted that on days of field trips the class 
would often number 200 or more. These field trips were well organized. 
According to Jackson’s account (1923), Linnaeus was always at the 
head of the troop, followed by an “Annotator” to take dictation as 
directed, “another was Fiscal who had supervision of the discipline of 
the troop, . . . others were marksmen to shoot birds, etc.” At the con- 
clusion of the trip “they marched back to town, the Professor at their 
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head, with French horns, kettledrums and banners, to the botanic garden 
where repeated ‘Vivat Linnaeus’ closed the day’s enjoyment.” After the 
first 20 years of this appointment, Linnaeus’ popularity as a teacher 
waned appreciably, and no longer did he continue to attract the number 
and quality of students. He died January 10, 1778 after an illness of two 
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sexual system of classification was revolutionary and probably exerted 
more influence than any other of his contributions. The strength of the 
system lay in its relative simplicity, in the fact that it was a schema 
whereby plants could be arranged and could be found again. That a plant 
unknown to the average botanist could be identified and named by the 
system, and not merely classified by it, was an innovation of importance. 
As Jackson (1923) has stated. 


It was put forward at a time when such a plan was most required; when earnest 
searchers for two centuries had amassed so many plants of various forms . . . for 
the disentangling of which no thoughtful and practicable plan had until then been 
laid down. Now when all this material threatened to overwhelm the builder, the 
sexual system was produced, by which plants could easily be examined and thus 
determined. 


In brief, Linnaeus’ sexual system provided 24 classes for all plants: the 
plants were sorted into most of these classes on the basis of number, 
union, and length of stamens. The classes were subdivided into orders on 
the basis of the number of styles in each flower.^ The system was presented 
first in the second edition of his Hortus uplandicus (1732) and was 
expanded and served as the basis for his Genera plantarum (1737). Thu, 
latter work is of importance in modern taxonomy as a source of descrip- 
tions of 935 genera. It was published in five editions (that of 1754 being 


^ An outline of the classes of the Linnaean system of classification is given as an illus- 
tration of the mechanics by which it operated, together with a few examples showing 
the disposition of some typical American plants. 


Klass 1. Monandria, Stamens one. 
Lemna, Scirpus 

Klass 2. Diandria. Stamens two. 

Veronica, Salvia 

Klass 3. Triandria. Stamens three. 

Iris, Sisyrinchium 

Klass 4. Tetrandria, Stamens four. 

Mentha, Ulmus, Cornus 
Klass 5. Pentandria. Stamens five. 

Primula, Myosotis 
Klass 6. Hexandria. Stamens six. 

Rumex, Alisma, Berberis 
Klass 7. Heptandria. Stamens seven. 
Aesculus 

Klass 8. Octandria. Stamens eight. 
Fagopyrum 

Klass 9. Enneandria. Stamens nine. 

Rheum, Ranunculus 
Klass 10. Decandria. Stamens ten. 

Acer, Kalmia 

Klass 11. Dodecandria. Stamens 11-19. 
Euphorbia, Calla 

Klass 12. Icosandria. Stamens twenty or 
more, episepalous. 

Rosa, Rubus, Spiraea 


Klass 13. Poiyandria. Stamens twenty or 
more, attached to axis. 

Tilia, Papaver, Nymphaea 
Klass 14. Didynamia. Stamens didyna- 
mous. 

Monarda, Linaria, Linnaea 
Klass 15. Tetradynamia, 

Members of the Crucifefae 
Klass 16. Monadelphia. 

Malvaceae, Geraniaceae 
Klass 17. Diadelphia. 

Lathy rus, Trifolium 
Klass 18. Polyadelphia. 

Hypericum 

Klass 19. Syngenesia. 

Lobelia, Viola, Compositae 
Klass 20. Gynandria, 

Aristolochia, Orchidaceae 
Klass 21. Monoecia. 

Typha, Quercus, Thuja 
Klass 22. Dioecia. 

Salix, Urtica, Juniperus 
Klass 23. Polygamia. 

Empetrum, many Compositae 
Klass 24. Cryptogamia. 

Algae, fungi, mosses, ferns 
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of nomenclatural significance today) plus two supplements called Mantis- 
sae, and in all a total of 1336 genera of plants were diagnosed. The 
Species plantarum published by Linnaeus in 1753, and chosen by modern 
botanists as a starting point of present-day nomenclature, has become 
the work most important in the systematics of vascular plants. Linnaeus 
intended it to serve as a reference work to the plants of the world, 
classified artificially for ease of identification according to the Linnaean 
(or sexual) system. In a sense, it was “a revision of Bauhin’s Pinax in 
which the unit of classification was to be the species.” In it (see Fig. 2) 
Linnaeus listed plants by his classes (see footnote 4) giving for each 
species (1) its generic name; (2) its trivial name (or specific epithet, 
which, when combined with the generic name, formed the binomial); 
(3) a specific phrase name (considered by Linnaeus as its specifip name) 
in the form of a polynomial descriptive phrase, intended to serve as a 
“definition of the species . . . corresponding to the distinctions in 
dichotomous keys of our current manuals” (Svenson, p. 276), a poly- 
nomial that was not a description by Linnaeus’ standards nor was it based 
on herbarium specimens before him; (4) abbreviated references to 
previous publications, specimens in his own herbarium, and citations of 
figures of the species; and (5) the region of nativity of the species. The 
2-volume work (paged consecutively) was a “recension of previously 
published work (of comparatively recent authors) in which species were 
for the first time differentiated.” It represented the first assignment of a 
binomial to practically every species of plant, although Linnaeus himself 
did not intend this to be a primary function of the work.^ In this work 
varieties were first distinguished (by Greek-letter prefixes) from species. 
Linnaeus was not the first to employ binomials, for Bauhin (1596) did 
so but without basic philosophy concerning them, and Rivinus proposed 
(1690) that no plant name should consist of more than two words. 
In recognition of this and of earlier works, Linnaeus was knighted ( 1753 ) 
and later (1761) granted a patent of nobility, from which latter date he 
was known as Carl von Linne. 

^ For a thorough analysis of Linnaeus* handling of material and literature and for his 
use of phrase names and synonymy, see Svenson (I94S), who emphasized that Linnaeus 
looked upon his Species plantarum “as a compendium without descriptions,” and that 
“binomial nomenclature was not intended by Linnaeus to supersede the polynomial 
specific name.” Svenson made it clear that “the term ‘specific name’ applies only to the 
phrase-name” (i.e., the polynomial following the trivial name), and that “the term 
‘specific epithet’ is sometimes used in place of the Linnaean ‘trivial name*. . . . The 
term ‘diagnosis* . . . has been adopted by some as a substitute [term] for the Linnaean 
specific phrase-name, but in modern usage it may lack entirely the differential character 
of the Linnaean specific phrase>name.*’ For a second review and analysis of Linnaeus’ 
concepts, see Croizat (1945). 
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Linnaeus’ system of classification was artificial. It is commonly titled 
a sexual system, but this is a misnomer; it was not fundamentally a sexual 
system, for the emphasis was largely on the numerical relationships of 
the sex organs (see footnote 3). It was a system based on differences 
rather than on similarities, and one so artificial that related elements 
often fell in widely separated classes. Linnaeus recognized this weakness, 
acknowledged that his system was designed as an aid to identification, 
and attempted to devise a system based on more natural relationships. 
In the sixth edition of his Genera plantariim (1764) he appended a list 
of 58 natural orders together with their included genera. Greene (1909) 
presented numerous examples to support his view that Linnaeus believed 
in a natural order of Creation, not represented by his sexual system, and 
had a clear concept of a natural classification. Linnaeus acknowledged 
(1731) that “alt specjes number their origin first from the hand of the 
Omnipotent Creator . . but accepted the continuity of the species by 
sexual reproduction, for he wrote (1757) “. . . this hypothesis [trans- 
mutation of species] endured until the time of Harvey, who dared to 
assert that all life came from the egg, and was similar to the 
mother . . As Copeland (1940) has written “it is not he [Linnaeus], 
but the smaller men who followed him, who may be said to have delayed 
the development of the natural system by an uncritical acceptance of his 
artificial system.” 

Linnaeus’ importance in the history of taxonomy rests not only upon 
his researches and published works, but also upon the enthusiasm he 
instilled in his many students. Several of these became important botan- 
ists in their own right and were responsible also, by their extensive 
collections in foreign lands, for adding appreciably to the number and 
range of plants known to Linnaeus. 

PEHR [PETER] KALM ( 1 716-1779), a Swede, was one of Linnaeus’ 
more important students. He had already demonstrated his ability as a 
collector and traveler by expeditions in Finland and Russia when the 
Universities of Abo and Uppsala sent him on a trip to America. At the 
time of his return, Linnaeus had been confined for some time to his bed 
as a result of a heart attack but, on learning of Kalm’s arrival with many 
bundles of American plants, he left his bed and transferred his concern 
from his heart to Kalm’s collections. 

FREDRICK HASSELQUIST (1722-1752), one of Linnaeus’ fav- 
orite students, spent 2 years collecting in the Levant area and died of 

® Quotations from translations from the Latin by Svenson 1945, pp. 280-281). 
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fever in Bagda (in or near Smyrna) early in 1752. It was from these 
collections that Linnaeus learned firsthand of many plants indigenous to 
Palestine, Arabia, Egypt, Syria, and Smyrna. However, the flora of 
Egypt, especially that of the Cairo area, became better known to Linnaeus 
through the collections and notes of a Finnish student, Pehr ForskM 
(1732-1761) who, once garbed as a peasant to escape persecution from 
unfriendly Bedouins, found about 100 new species and 30 new genera. 
Forsskal died in Arabia of malaria, and his collections and manuscripts 
were sent back to Copenhagen, headquarters of the Danish expedition 
of which he was a member. 

Perhaps none of Linnaeus’ students contributed more to his knowledge 
of plants of other parts of the world than did Carl Peter Thunberg 
(1743-1828), himself the author of two floras and many scientific writ- 
ings. At a time when the ports of Japan were closed to all but the Dutch, 
Thunberg obtained a post as surgeon in the East India Company’s 
service, an appointment that made it possible for him to become one of 
the first Occidentals to make anything approaching extensive collections 
of Japanese plants. Prior to his trip and residence at an isolated Japanese 
port, he spent three years collecting in the Cape of Good Hope area of 
South Africa and there found 300 species of plants that were new to 
science. In 1784 he succeeded Linnaeus’ son as Professor of Botany at 
Uppsala. Traveling in foreign lands, especially in the tropics, was exceed- 
ingly hazardous, and diseases took their toll of Linnaeus’ students, for no 
less than six of those whose trips he sponsored died in foreign lands. 
These students of Linnaeus, in addition to increasing the knowledge of 
plants, added to the fame and importance of their teacher by employing 
his systems of classification and nomenclature in their own published 
works. 

By 1760 the Linnaean system was adopted to a large extent in Holland 
and Germany, and was coming into prominence in England where it was 
advocated by Dillenius and Sloane, leading English botanists of that time. 
It was never received favorably in France, and the only French student 
Linnaeus ever had (Henri Missa) left Sweden in a pique with his teacher 
and was not heard from afterwards. The French botanists held to the 
Tournefortian system until it was replaced by that of de Jussieu. 

After Linnaeus’ death his collections came into the hands of his eldest 
son, Carl, who also was a botanist and who was appointed to the chair at 
the university formerly occupied by his father. On^the death of this son 
(1783), the collection reverted to Linnaeus’ widow and daughters. Their 
sole interest in it was that it be disposed of to the highest cash bidder. 
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After lengthy negotiations the collections (including the herbarium) were 
sold to the wealthy and later famous English botanist, James Edward 
Smith, for the sum of 1000 guineas. These collections were packed in 26 
large cases and shipped from Stockholm in September, 1784. The Lin- 
naean collections (including the herbarium) were purchased from Smith’s 
estate by the Linnean Society of London (of which Smith was a founder) 
for 3000 guiui^as and continue to be administered by that organization.^ 
It has been alleged that, in an effort to prevent transfer of this nationally 
important collection, the King of Sweden dispatched a warship to follow 
it and bring it back. Despite anecdotes in the literature, and often pre- 
sented as statements of fact, there is no evidence to establish any bases 
of fact for this myth. 

The Linnaean system of classification remained dominant in many bo- 
tanical centers for nearly a generation following Linnaeus’ death. The 
last important work employing the system was the fourth edition of the 
Species plantarum, completely rewritten, and greatly enlarged under the 
editorship of Carl Ludwig Willdenow ( 1765-1 812), Professor of Natural 
History at the University of Berlin and Director of the Berlin Botanical 
Gardens. This edition, of four tomes usually bound in nine volumes, was 
the last and is its most comprehensive. Willdenow made no significant 
contributions to or modification of the Linnaean system. In America the 
Linnaean system was employed by the early and immigrating botanists 
(Schweinitz, Muhlenberg, Pursh, and Thomas Walter) and was adhered 
to tenaciously by Amos Eaton as late as 1840, long after it had been 
rejected by such men as Nuttall, Torrey, and Gray. 

Period III. Systems based on form relationships. 

The second half of the eighteenth century was a period when great 
numbers of living plants, seeds of plants, and collections of prepared 
specimens were coming into Europe’s botanical centers from all of the 
world’s continents. A large proportion of these were of species new to 
science, each to be given a name, to be described, and placed in a 
classificatory system. With the increase in knowledge of the world’s flora 
came the realization (about 1800) that there were greater natural affini- 
ties between plants than the so-called “sexual system” of Linnaeus would 

®By aid of a grant of £2000 from the Carnegie Foundation, the extant botanical, 
zoological, entomological, and geological collections and manuscripts of Linnaeus were 
photographed on microfilm in 1939. One set of prints was sent to this country and de- 
posited at the Arnold Arboretum, Jamaica Plain, Mass. Negatives were prepared from 
it and a second set of prints was made for general reference, with another deposited 
at the Chicago Museum of Natural History. These microfilms of Linnaeus’ herbarium 
specimens are of value to students needing superficial knowledge of Linnaean types. 
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indicate. This realization was not derived from theorizing and logic, but 
was made cogent by man’s increased knowledge and understanding of 
the organography and functioning of plants. Due acknowledgment must 
be made to the development of optics, to the awareness of the biological 
significance of sex organs in plants, and to an understanding of the 
rudiments of floral morphology. It was near the close of the eighteenth 
century and at the beginning of the next that revolutionary changes in 
systems of plant classification first were apparent. The new systems were 
called natural systems and are so in the sense that they reflected man’s 
understanding of nature at that time. Plants were placed together because 
there existed a correlation of characters in common. The epoch-making 
work of Charles Darwin and Alfred Russel Wallace had not appeared. 
Modern evolutionary theories were unknown, and the concept of con- 
sanguinity of relationships was still vague (its underlying forces had been 
studied but not recognized by such men as Lamarck, Erasmus Darwin, 
Chambers, and others). The systems of this period were natural in that 
they served the desire of the human mind for true order; but better than 
Tournefort, Ray, and others, they also served the practical need of a 
classification by functioning adequately as an aid to identification. They 
are not phylogenetic systems and, in the sense that the latter are natural 
to the extent of allegedly indicating “blood” or genetical relationships, 
these earlier systems are esoteric. However, this in no way detracted 
from their utility, and most of the great floras of the world have been 
based on them. 

MICHEL ADAMSON (1727-1806) was a French botanist, a mem- 
ber of the faculty of I’Academie des Sciences at the Sorbonne, Paris, 
and an early plant explorer of the tropics. His major contributions in- 
cluded the rejection of all artificial classifications for the natural, and the 
descriptions of taxa more or less equivalent to modern orders and 
families (the latter a unit suggested earlier by Ray); all set forth in his 
2-volume work. Families des plantes {1163) J 

JEAN B. A. P. M. de LAMARCK (1744-1829) was a French 
biologist best known to taxonomists for his Flore frangoise (1778), 
written in the form of an artificial key to provide a means of identifying 
the plants of France. In the introduction of this work he laid down the 
principles of his concept of a natural classification: (I) the determina- 

Early botanists, following Linnaeus, designated as Classis (Class) the category now 
known as an order, and as Ordo (Order) that now known as a family. While there were 
some exceptions (by Adanson, de Candolle), this usage of class and order prevailed 
until the beginning of the twentieth century. 
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tion of which plant precedes another in a natural series; (2) the rules 
for the natural grouping of species; and (3) the treatment of orders and 
families. Lamarck is known also for his theory (known as Lamarckism) 
that changes in environment caused changes in the structure of organ- 
isms (such as new uses of parts or organs, or the loss of parts or organs 
through disuse),, and that these changes were inherited by the offspring. 

DE JUSSIEU, An apothecary of Lyon, France, named de Jussieu had 
three sons: Antoine (1686-1758), Bernard (1699-1776), and Joseph 
(1704-1779). All three became botanists; the two elder brothers remain- 
ng in France, the youngest spending many years in South America 
vhere he went insane after losing botanical collections made and accumu- 
ated over a period of five years. Antoine and Bernard both studied under 
he great French teacher-botanist Pierre Magnol (1638-1715) at the 
Jniversity of Montpellier. Antoine succeeded Tournefort as Director de 
^ardin des Plantes, Paris. Later he added his brother Bernard to the 
itaff. In 1759 Bernard de Jussieu rearranged the plants in the garden at 

Trianon, Versailles, according to a system more or less of his own de- 
dsing, but with many similarities with the natural classification in Lin- 
laeus’ Fragmenta methodi naturalis and in Ray’s Methodus plantarum, 
-lere for the first time there was assembled a system that was not on the 
Aristotelian concept of habit that Tournefort adhered to, nor one that 
vas artificial, as was the system of Linnaeus. De Jussieu divided the 
lowering plants into groups on the basis of monocot vs. dicot, ovary posi- 
ion, presence or absence of petals, and fusion or distinctness of petals, 
le never published his system and in 1763 he called in his 15-year-old 
lephew, Antoine Laurent de Jussieu (1748-1836) to work with him. 

Ten years later Antoine Laurent de Jussieu published his first paper 
proposing a new classification of plants. It represented an improved ver- 
ion of his uncle’s system and was in the form of a memoir dealing with 
he relationships within the Ranunculaceae. It initiated an era of natural 
ystems, and the beginning of a period of classification that witnessed 
nany modifications of this one system. During the following year de 
ussieu published an Exposition d'un nouvel ordre de plant^.s in which 
e proposed to classify all plants on the basis of: acotyledonae, monoco- 
lyledoneae, and dicotyledoneae; the latter he divided into five groups 
based on corolla characters, calling them apetalae, petalae, monopetalae, 
polypetalae, and diclinae. This preliminary proposal of a new basis for 
classification, ^ ablished in 1774, came to fruition in 1789 (the year of the 
French Revolution) in his Genera plantarum. In this work, flowering 
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plants were divided into fifteen classes along the lines outlined a6ove, and 
these classes were subdivided into 100 orders (Ordines mturales), each 
of which was clearly differentiated, named, and provided with a descrip- 
tion. A large number of his orders (i.e., families) are to be found intact 
in the most modern of present-day classifications. The related taxa of 
Palmae, Liliaceae, Amaryllidaceae, and Iridaceae were grouped to- 
gether, the Monopetalae contained those families now known as the 
gamopetalae, while his class Diclines irregulares (an unnatural assem- 
blage) contained the Coniferae, Amentiferae, Urticaceae, Cucurbitaceae, 
and Euphorbias. All except the first and last of his 15 classes are ex- 
clusively angiosperms, and it is significant of his keen perception 
that, while their sequence has been altered by reshufflings, most of 
these taxa have been accepted as valid by a majority of systematists 
for a century and half after de Jussieu. Following publication of this 
major work, de Jussieu was occupied primarily with the preparation of 
monographic studies. In addition to these activities he was the founder 
(in 1793) of one of Europe’s great museums, the Musee d’Histoire 
Naturelle de Paris. In 1826 he resigned his professorship in favor of his 
son, Adrien de Jussieu. 

v./ DE CANDOLLE. Three generations of de Candolles have contributed 
much to the science of systematic botany. The first important botanist 
of this great family was Augustin Pyrame de Candolle (1778-1841). 
He was born in Geneva, Switzerland, and received his botanical training 
in Paris under Desfontaines. During his lifetime he made many botanical 
contributions to the fields of physiology, morphology, and taxonomy, but 
his taxonomic works are the more outstanding. His first important 
botanical work was accomplished soon after arrival in Paris; it consisted 
of preparing a descriptive text to accompany a series of folio color plates 
of succulents drawn for L’Heritier (Charles Louis L’H6ritier de Brutelle) 
by the famous botanical artist, Redoute. While still in Paris de Candolle 
prepared a new and revised edition of Lamarck’s Flore jrangoise. From 
1808 to 1816 he was Professor of Botany at Montpellier where he 
published his important Theorie ilementaire . . ., wherein he contended 
that anatomy and not physiology must be the sole basis of classification. 
The last 25 years of his life were spent in Geneva where he continued his 
monumental work, the Prodromus systematis naturalis regni vegetabilis, 
in which he proposed to classify and describe every species of seed plant 
then known to science. This was a stupendous undertaking, and was in 
reality a species plantarum projected on a more gigantic scale than any 
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previous botanical work. De Condolle himself wrote and produced the 
first 7 volumes, with the succeeding 10 volumes written by specialists 
and published after his death under the editorship of his son, Alphonse 
de Candolle (1806-1893). 

As an individual, de Candolle was very much aware of his own im- 
portance and greatness. His zeal, industry, and enthusiasm far exceeded 
that of any of his contemporaries. De Candolle proposed a system of 
classificatioii that was followed in all his taxonomic works. It was a sys- 
tem that was similar in many respects to, and an elaboration of, that of 
de Jussieu, but retrogresses from the latter in that the ferns were treated 
as coordinate with the monocots. It has been considered to be superior 
to the de Jussieu system in that the dicots were subdivided into more 
basic primary groups of apparent closer affinities. For example, they 
were divided first into two groups on the basis of presence or absence of 
corolla, those with corollas subdivided on the basis of gamopetally vs. 
polypetally, and the latter again divided on the character of ovary 
position. Aside from these considerations, de Candolle accounted for 161 
families of plants as compared with the 100 families known to and 
recognized by de Jussieu. His importance as a systematist was increased 
by the production of his Prodr omus, and by his nearly 100 monographs. 
By the expansion of de Jussieu’s system he demonstrated the inadequacy 
of the Linnaean classification to the extent that the latter could not meet 
the challenge and by 1840 was superseded. 

During this first half of the nineteenth century there was considerable 
activity in other parts of Europe in the development of systems of classifi- 
cation, all representing modifications and elaborations of the de Jussieu 
system. In England, Robert Brown (1773-1858), a contemporary of 
de Candolle, devised no system of classification, but contributed none- 
theless to better understandings of floral morphology and to classification 
problems. He demonstrated that the gymnosperms were a group apart 
from the angiosperms and that they were characterized by the presence 
of naked ovules, and so paved the way for Hofmeister’s later formal 
designations of the two taxa. He was the first to explain the floral mor- 
phology and pollination of the Asclepiadaceae, and added much to the 
knowledge of the Orchidaceae. He demonstrated the nature of the 
cyathium in Euphorbiaceae, the morphology and probable derivation of 
the grass flower, and the floral morphology of the Polygalaceae. Each of 
these contributions produced a better understanding of the members of 
these families as concerns their biology and classification. 

During the period of 1825 to 1845, no less than 24 systems of classifi- 
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cation were proposed. They represented in the main only minor improve- 
ments or elaborations over the system of de Jussieu and, aside from the 
major contributions of de Candolle and of Brown, gave little indication 
of deep analysis of basic considerations. Many of these modifications 
represented primarily the adaptations of de Candolle’s works into other 
languages, accompanied or not by changes in the names given to the 
higher taxa within the classification. Notable among these are the systems 
of Endlicher, 3rongniart, and Lindley. Endlicher (1805-1849), a 
Viennese botanist, divided the plant kingdom into the thallophytes 
(algae, fungi, and lichens) and cormophytes (mosses, ferns, and seed 
plants). His is a system once widely used in Europe but not adopted by 
British or American botanists. It is embodied in his Genera plantarum 
(1836-1840) wherein were treated 6835 genera (6235 were of vascu- 
lar plants) and was a signficant contribution of its time. Brongniart 
(1770-1847) was a Frenchman who, with considerable foresight, did not 
consider the taxon often referred to as the Apetalae to be one of closely 
related elements but distributed the species among those petaliferous 
families to which they appeared to be more closely related. He called 
seed plants Phanerogamae and, following Linnaeus, placed all lower 
groups in the Cryptogamae. In England, John Lindley (1799-1865) 
proposed a system based on the better features of those of his prede- 
cessors. It was an important revision, not so much for its context and 
organization as for the fact that it was the first comprehensive natural 
system to have been published in English and thus made readily avail- 
able to large numbers of English-speaking peoples. The Lindley system 
was the first to be accepted widely in Great Britain and America as a 
successor to that of Linnaeus. 

BENTHAM AND HOOKER, The system presented by these two bot- 
anists was published as a 3-volume work in Latin, titled Genera plan- 
tarum, and was a work that climaxed the period under discussion. George 
Bentham (1800-1884), an Englishman of moderate independent income, 
was an amateur but well-trained botanist until almost middle age, after 
which time he gave the subject of systematic botany all his attention. 
In addition to being a most critical, discriminating, and analytical sys- 
tematist he also was an accomplished linguist and Latinist. Prior to his 
joint publication with Hooker of the Genera plantarum, Bentham pub- 
lished world monographs of the families Labiatae, Ericaceae, Pole- 
moniaceae, Scrophulariaceae, and Polygonaceae. In addition to these he 
was the author of a 7-volume flora of Australia. Sir Joseph Dalton 
Hooker (1817-1911). son of the botanist Sir William J. Hooker, was 
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more the plant explorer and plant geographer than was Bentham. In ad- 
dition to botanical research, a considerable part of Hooker’s time was 
devoted to administrative duties associated with the directorship of the 
Royal Botanical Gardens at Kew. About 1857 Bentham and Hooker 
agreed to produce jointly a Genera plantarum (1862-1883). This work 
comprised the names and descriptions of all genera of seed plants then 
known, classified according to the system proposed by these two botan- 
ists. About two-thirds of the contents of the work was written by 
Bentham, a task requiring a period of nearly 25 years of concentrated 
effort. 

The Bentham and Hooker system was patterned directly on that of de 
Candolle (a close friend and associate of Bentham), but its text differed 
from that of the de Candolle system and from any work published by 
de Candolle, in that every genus was studied anew from material in 
British and Continental herbaria. Full and complete descriptions were 
prepared from studies and dissections of the plants themselves and did 
not represent a compilation made from existing literature. Almost every 
large genus was subdivided into subgenera and/or sections, each of 
which was named, diagnosed, and delineated, together with the assign- 
ment of important species belonging to them. In this work, the category 
intermediate between that of class and of order (i.e., the family of 
contemporary systems) was termed a Cohort, a classificatory unit com- 
parable to the order of more modern systems, and represented a unit of 
closely related families (the name Cohors was first used by Endlicher 
for a taxon of higher level). The Genera plantarum was accepted from 
the first throughout the British Empire and in the United States and was 
adopted to a lesser extent by some Continental botanists. In this country 
the classification remained dominant until shortly before the turn of the 
present century and is currently retained by many British botanists and 
in British herbaria. 

There was a marked constancy in these systems, from that of de 
Jussieu to that of Bentham and Hooker. All were predicated on the 
dogma of the constancy and immutabiilty of species. True, the later sys- 
tems were superior to that of de Jussieu, but even the detailed and 
meticulous work of Bentham and Hooker represented improvements 
only in degree. Plants were treated by the authors of all these systems as 
inanimate objects. By way of analogy, it could be said that as the Lin- 
naean system might have grouped all 4-legged articles together (irrespec- 
tive of whether they were tables, chairs, chests, or commodes) so did 
the natural systems of this third period group articles of a kind together 
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(as one would group tables, chairs, chests, and commodes — irrespective 
of the number of legs each might have). It is interesting to know that 
the publication of Darwin’s theories of evolution and origin of species 
coincided with the time of production of the first volume of Bentham 
and Hooker’s Genera plantarum and that Hooker then favored a com- 
plete reorganization of their classification but was deterred from effecting 
it by Bentham, who did not then accept the essentials of Darwin’s work, 
although he did do so about a decade later. It was the publication of 
Wallace’s and of Darwin’s theories that automatically closed this period 
in the history of classification systems. 

Period IV. Systems based on phylogeny * 

The rapid spread and acceptance of the theories of Darwin crystallized 
the dissatisfaction that was associated with the de Candollean system. 
Sachs was one of the first to abandon the de Candollean system, substi- 
tuting for it in 1868 a composite system that never was widely accepted. 
Most of the systems of this fourth period are predicated on the theories 
of descent and evolution. By these theories, it is now universally accepted 
by biologists that existing forms of life are the product of evolutionary 
processes. The classification systems of this period have attempted to clas- 
sify plants from the simple to the complex (recognizing some seemingly 
simple conditions to represent reductions from more complex ancestral 
conditions), and most of these systems have endeavored to establish the 
genetic and ancestral relationships. The facts that several different systems 
have been produced, and that a system clearly accounting for the true 
phylogenetical relationships of plants remains yet to be produced, are 
evidencei* that phylogenetic taxonomy of vascular plants is yet in its 
early stages of progress and will achieve its objectives only as additional 
facts concerning evolutionary origins and developments of existing plants 
become known. 

AVGUST WILHELM EICHLER (1839-1887) in 1875 proposed 
the rudiments of the first system based on an approach to genetical rela- 
tionships between plants. This was not a phylogenetic system in the 
modern sense, but Eichler did accept the concept of evolution. In 1883 
he elaborated his earlier treatise into a unified system accounting for 
all major groups of the entire plant kingdom. It was a system that 
gradually replaced that of de Candolle in almost all but British and 
American botanical circles, where the influence of Bentham and Hooker 
remained dominant. The ultimate widespread acceptance of the basic 

* See Chapter VI for explanation and analysis of current systems of classification. 
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tenets of Eichler’s system makes desirable a familiarity with its significant 
features. 

Eichler divided the plant kingdom into two subgroups: Cryptogamae 
and Phanerogamae. The latter contained the seed plants and the former 
the ferns, bryophytes, hepatics, fungi, and algae. The Cryptogamae were 
separated into three divisions: Thallophytes, Bryophytes, and Pterido- 
phytes. Eichler treated the Algae as separate from the Fungi and divided 
the former into the four well-known groups of Cyanophyceae, Chloro- 
phyceae, Phaeophyceae, and Rhodophyceae. The bryophytes were divided 
into two classes, the Hepaticae and Musci, while the pteridophytes were 
separated into three classes, Equisetineae, Lycopodineae, and Filicineae. 
The seed plants (Phanerogamae) were divided for the first time into the 
two major taxa of Angiospermae and Gymnospermae with the former 
composed of two classes, the Monocotyledoneae and the Dicotyledoneae. 
Eichler’s classification of the Phanerogamae was predicated on the prem- 
ise that plants now complex in their reproductive organization repre- 
sented peaks in their evolutional development; or, as expressed by 
Hutchinson (1948) “. . . plants without petals . . . were usually regarded 
as representing a more primitive type than those with well-developed 
petals . . .” Eichler did not consider tenable the data then available to 
him (and that later served the basis of an opposing premise), that some 
of the so-called higher plants (as Typha, the cattail) might be simple by 
the loss or reduction of ancestral structures, a premise whose adoption 
would have altered materially his alignment of major groups of plants. 

ADOLPH ENGLER (1844-1930) in 1892 published, as part of a 
guide to the plants in the Breslau botanic garden, a classification that 
was based on that of Eichler, and which was so well publicized as to be 
adopted by a majority of botanists of the world soon after the turn of 
the present century. Engler’s system differed from that of Eichler more 
in matters of detail and in the nomenclature of major categories than in 
the basic philosophy or fundamental concepts on which the categories 
were established. Many of Engler’s modifications of Eichler’s system 
show the influence of earlier proposals of Braun, of Brongniart, and of 
Sachs. The seed plants (termed Embryophyta Siphonogama by Engler) 
were divided into Gymnospermae and Angiospermae, the latter into two 
classes, Monocotyledoneae and Dicotyledoneae and the dicots into the 
subclasses Archichlamideae (composed of the Choripetalae with sepa- 
rate petals, and Apetalae without petals) and Metachlamydeae (the 
corolla gamopetalous petals united). By this system each subclass is sub- 
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divided into orders and they are composed of presumably related families. 
In their accounting of the principles for a systematic arrangement of the 
angiosperms, Engler and Diels (1936) listed conditions accepted as 
primitive and contrasted each with the presumed derived condition. 
Among the objectionable features was the acceptance by Engler of the 
dichlamydeous flowers (perianth of two series, as calyx and corolla) as 
derived from monochlamydeous flowers (perianth of a single series or 
whorl), the derivation of all parietal placentation in syncarpous ovaries 
from axile placentation, of free-central placentation from parietal, and 
the interpretation of the majority of simple unisexual flowers as primitive. 

One reason for the widespread adoption of the Engler system by 
botanists was that Engler and his associate, Prantl, appltd their system 
to the plants of the world and by their 20-volume work, Die naturlichen 
Pflanzenjamilien (1887-1899), provided a means for the identification 
of all of the known genera of plants from algae to the most advanced 
seed plants. This wa^i an illustrated work, with modern keys, and was 
responsible perhaps more than anything else for “putting across” the sys- 
tem. A second and much more detailed edition of this work, under the 
successive editorships of several outstanding German systematists (Engler, 
Engelmann, Diels, et al.) was begun in Berlin in 1924. Only minor 
modifications and changes were effected in his system, primarily in Engler 
and Gilg’s (and later by Engler and Diels) Syllabus cler Pflanzenjamilien, 
a one-volume work published in many editions that gave their arrange- 
ment of the classes, orders, and families of plants. The latest and eleventh 
edition of this work was published in 1936. 

Engler considered the monocots to be more primitive than the dicots, 
the orchids more highly developed than the grasses and, among the 
dicots the so-called Amentiferae (willows, birches, oaks, and walnuts) 
together with other families whose flowers are devoid of perianth, to 
represent primitive type s from which petaliferous elements were. evo lved. 
These views are not currently accepted in toto by many schools of 
taxonomic thought. The current dominance of the Engler system in many 
areas is due largely to the impetus given it by the detailed, far-reaching, 
all-embracive influence of Engler’s many publications. In addition to those 
mentioned above, these include encyclopedic works written by leading 
German taxonomists under Engler’s editorship. 

RICHARD VON WETTSTEIN (1862-1931), an Austrian botanist, 
published in 1901 Handbuch der systematischen Botanik and in the post- 
humous 2-volume fourth edition (1930-1935) presented his latest views 
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on the phytogeny of plants. While patterning the basic structure of his 
system somewhat along that of Engler’s, Wettstein rearranged the rela- 
tive positions of many dicot families and presented views concurred with 
by most contemporary phylogenists. In general his system was a much 
better phylogenetic classification than was Engler’s. (See Chapter VI 
for explanation and analysis.) 

CHARLES E, BESSEY (1845-1915), a student of Asa Gray and 
long established at the University of Nebraska, was the first American 
to make a major contribution to the knowledge of plant relationships and 
classification and the first to represent a classification to be truly phylo- 
genetic. He did not accept the Eichler-Engler hypotheses. In his early 
years as a botanist he was considerably influenced by the upheaval in 
scientific thought occasioned by the argumentative subject of species 
origin and evolution as propounded by both Wallace and Darwin. In 
general, Bessey’s was the system of Bentham and Hooker realigned 
according to evolutionary principles, with the cohorts of the latter called 
orders, and in most cases each was accompanied by new names, and the 
orders were retermed families. After several revisions, Bessey’s system 
appeared in its last form in 1915 with the orders and families arranged 
as indicated in Chapter VI. 

HANS HALLIER (1868-1932) published a phylogenetic classifica- 
tion that was based on many of the same phyletic principles as that by 
Bessey. It differed primarily in his having taken greater cognizance of 
the then current researches in paleobotany, anatomy, serology, and 
ontogeny than had Bessey and was more of a synthesis of recent (and 
frequently untested) findings than other contemporary classifications. 
Hallier rejected Engler’s concept of the primitive flower, adopting in- 
stead, as did Bessey, the strobiloid type of flower. His treatment of the 
monocots may be less critical than that of the dicots, and his classification, 
despite innumerable examples of his keen perception scattered through- 
out it, is not in accord with recent findings to nearly the extent of the 
Bessey classification. (See Chapter VI for full discussion.) 

JOHN HUTCHINSON (born 1884) formerly of the Royal Botanic 
Gardens, Kew, England, and a leading contemporary exponent of a 
phylogenetic system of classification, has concerned himself primarily with 
the angiosperms, publishing his classification of them in a 2-volume work, 
The families of flowering plants (1926, 1934) and as revised in his British 
flowering plants (1948). Hutchinson’s classification has closer affinities 
with those of Bentham and Hooker and of Bessey than with that of 
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Engler, but diifers from any of these by several fundamental theses. In 
his latest revision (1948) Hutchinson outlined the principles of classifi- 
cation adopted by him (see Chapter VI). 

The system of Hutchinson is the most recent to be presented in appre- 
ciable detail, but to date this detail has been accorded only to the seed- 
bearing plants and of them primarily to the angiosperms. He has pub- 
lished no recent conclusions on the phylogenies within the gymnosperms 
and none at all concerning groups below the seed plants. Many taxon- 
omists await Hutchinson’s amplification and discussion, substantiated by 
references to factual data, of his principles of phylogeny. Many also await 
his presentation of reasons accounting for his classification of taxa in the 
categories of family and above. 

Other contemporary systems ® 

Numerous other phylogenists have devised and proposed systems of 
classification other than those discussed above. Notable among them 
are the systems proposed by Rendle, by Mez, and by Tippo. 

ALFRED BARTON RENDLE (1865-1938), Keeper of the Depart- 
ment of Botany, British Museum of Natural History, London, from 
1906 to 1930, is known not only for his studies of the Gramineae, Orchi- 
daceae, and Naiadaceae, for his leadership associated with international 
nomenclatural legislation, but also for his 2-volume Classification of 
flowering plants (1904, 1925). The revision of the first volume was 
published in 1930. Rendle’s system, basically that of Engler and Prantl, 
is one of convenience rather than one of modern phylogenetic significance. 
It treats the amentiferous and apetalous plants as among the primitive 
dicots, places the grasses subordinate to the lilies, and does not accept 
the phylogenetic considerations that treat the Ranales as primitive to 
other dicots (for details, see Chapter VI). 

KARL CHRISTIAN MEZ (1866-1944), Professor of Botany, Uni- 
versity of Koenigsberg, Germany, presented a paper in 1926 (revised 
and amplified in 1936) recounting his theory that relationships between 
the larger groups of genetically related plants could be determined by 
study and analysis of their protein reactions. This physiological approach, 
sometimes known as the serum diagnosis, consisted of mixing an ex- 
tracted plant protein with serum, either in animal or in vitro and, follow- 
ing the formation of antibodies in the inoculated serum, of adding a pro- 

® See Chapter VI for an accounting of additional contemporary systems, including those 
by Pulle, Skottsberg, et al. 
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tein extract prepared from the plant whose relationship is being studied. 
If a precipitation occurred when this second protein extract was added 
to the serum, a genetical relationship was believed to be indicated to 
exist between the plants involved. The proximity of the relationship was 
considered to be indicated by the abundance and character of the precipi- 
tate and the degree of dilution of the serum and extract at which precipi- 
tation would occur. The relationships indicated by this technique con- 
curred to a degree with those proposed by Bessey and by Hutchinson. 
The utilization of data derived from serum diagnoses may contribute 
important corroboratory evidence to the formation of an ultimate system 
of classification. 

OSWALD TIPPO, of the University of Illinois, published an outline 
(1942) of a projected classification based on “. . . the newest, sound 
developments in all the branches of plant phylogeny and in which the 
various groups are named in such a way as to indicate rank or degree 
of affinity and in which the various group names are brought into con- 
formity with the classificatory system used by zoologists” (see Fig. 17). 
The system was not developed by Tippo, who “claims no great degree 
of originality for his classification for it is a compilation, a synthesis of 
several proposals.” The classification of the nonvascular plants followed 
that of Smith (1938) and the basic arrangement of vascular plants fol- 
lowed that proposed by Fames (1936). The concepts and indicated 
relationships were in part the result of greater recognition and synthesis 
of paleobotanical data than are reflected in other phylogenetic systems. 
This emphasized the dependence on vegetative characters such as plant 
form, branching, and vascular anatomy in arriving at the natural group- 
ings of the larger categories. 

The Engler system remains dominant in the great herbaria of this 
country, but largely because it is the latest to account in detail for the 
entire plant kingdom. The more nearly phylogenetic systems of Bessey, 
of Hutchinson, and of Tippo are thought to be more accurate in their 
arrangement and more sound in the tenets on which they are founded, 
but — as pointed out in the Preface to this text — no one of them has been 
applied to the world flora (even of vascular plants) to a degree com- 
parable with that of the Engler system. The student should recognize 
that the Pteridophyta themselves are not a homogeneous group bound 
by any one or two sets of characters; that there is no distinct line of 
demarcation between gymnosperms and angiosperms, or between mono- 
cotyledons and dicotyledons; and that a truly phylogenetic classification 
will be reticulate in character and will not lend itself to listing taxa in 
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Straight lines. Tippo’s skeleton outline clearly indicates the probable 
major groupings to be expected in the system of the near future. 

This review of the systems of classification demonstrates that taxo- 
nomic efforts devoted to the development of a more nearly perfect classifi- 
cation of plants have followed in the wake of those men whose interests 
have shifted from generalization to interests of specialization. Linnaeus, 
the greatest cataloguer and classifier of all time, was not only a sys- 
tematist but a capable naturalist, a biological investigator, and a prac- 
ticing physician of note; A. P. de Candolle was a physiologist, and a 
nomenclaturist, as well as a producer of extensive monographs; Engler 
was as much a plant geographer and botanical administrator as he was 
a taxonomist; Bessey, doubtless of necessity, devoted more efforts to 
teaching than to phylogenetic studies; much of the recent work ol 
Hutchinson, aside from his studies on the flora of west tropical Africa, 
has been directed toward phylogenetic studies. It is probable that the 
phylogenist of the future will be so concerned with his own efforts as 
to have little concern for the identity of plants per se. The average 
taxonomic botanist is concerned today more with studies associated with 
floristics and monography of minor units (families and genera and their 
components) than he is with coping with the fundamental problems of 
phylogeny of major taxa. Underlying causes for these changes are indi- 
cated in Chapter V. Chronology forces the premature closing of the 
treatment of this last and current period of systems of plant classifica- 
tion. The period has not ended. Research in the fields of paleobotany, 
comparative anatomy, serology, cytogenetics, and morphology continues 
and, with the accumulation and synthesis of data from these and other 
interrelated branches of botanical science, a new and more nearly perfect 
system of classification wilt be evolved. 
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CHAPTER IV 




PRINCIPLES OF TAXONOMY 


Taxonomy is a functional science. The direction, character, and extent 
of its functions are guided by principles that have developed with the 
increase in knowledge of the plants themselves. The formulation of these 
principles began with the period of descriptive taxonomy which func- 
tioned on a scientific level in the nineteenth century, and only recently has 
waned and may become secondary in importance. This descriptive period 
began with the works of Tournefort, de Jussieu, and Linnaeus. Most 
taxonomic work of the period was based on observations of the similar- 
ities and differences of usually gross morphological characters of the 
plants concerned. Plants were described and classified on the basis of 
these characters. The describing of plants from newly explored areas was 
then a major function of taxonomy. Succeeding these pioneers were such 
leaders as Robert Brown, the Hookers (William and his son Joseph)^ 
John Lindley, and George Bentham, all of England; the three generations 
of de Candolles of Geneva and Paris, Edmund Boissier of Geneva, Carl 
Willdenow and Curt von Sprengel of Berlin, Eduard von Regel of Lenin- 
grad, and Asa Gray of Cambridge (Mass.). 

During this period these and other systematists published various prin- 
ciples of taxonomic procedure. The first of these was by Linnaeus in his 
Critica botanica.^ Others were by Adanson, John Lindley, de Candolle, 
and Sir Joseph Hooker. Many of the criteria established by these early 
botanists have withstood the test of time and are accepted by contem- 
porary workers. More important, however, is the recognition by present- 
day taxonomists that gross morphological characters are not always ade- 
quate to provide reliable means of differentiation between features that 
are of major significance from those of minor significance, or to serve 
necessarily in the determination of genetical relationships between taxa. 
This recognition has resulted in the need for a re-evaluation of all taxo- 
nomic work conducted by these earlier devotees of the descriptive 

^ For the latest English translation from the Latin, see that by Sir Arthur Hort. 
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method, a re-evaluation that will take into consideration, in addition to 
the morphological criteria, all other scientific data pertinent to the situa- 
tion and as contributed by allied botanical sciences. Present-day taxon- 
omy is based on the primary importance of morphological distinctness 
and affinity, but it is influenced appreciably by the findings of the 
cytologist, geneticist, anatomist, and others. 

The principles of taxonomy are concerned primarily with the criteria 
employed. However, the intelligent discussion of these criteria presupposes 
an understanding of the units of classification. For this reason it is ap- 
propriate that an explanation and discussion of the latter precede other 
objectives of this chapter. 

Taxonomy is based on the hypothesis that genetical relationships exist 
between plants, that present-day plants are, through successive genera- 
tions, the offspring of ancestral plants that may or may not now be ex- 
tant. It is based also on the assumption that there has occurred, during 
the developmental epochs of the earth’s history, an evolution of plant 
characteristics to the extent that surviving plants often were of increased 
structural complexity and genetic organization over their ancestors. As 
these evolutionary processes progressed, the much-removed offspring of 
ancestors that once were extant and were closely related have become 
less closely related — to the degree that today the determination of plant 
relationships is almost wholly a subject based on postulations, hypotheses, 
and tenuous conjectures. Because of the predication of the science of 
taxonomy on these concepts of genetic relationship, it is desirable to 
place plants in categories that are indicative of their presumed genetic 
affinities. Each category represents a group of plants; as species, genera, 
families, etc. No one of these is subject to precise definition, their delimi- 
tation or circumscription varies, and each is subjective in character.^ 
Groups such as Angiospermae, Monocotyledoneae, or Rosales are of 
considerable magnitude. They are, respectively, examples of the cate- 
gories of subdivision, class, and order. Each of these is composed of 
many and diverse kinds of plants, and although each is an example 
drawn from a different level of classification, collectively they may be 
referred to as major categories. The more familiar groups, represented 
by such examples as Petunia (a genus), regal lily (a species), or cabbage 
(a variety) are of relatively small magnitude and by comparison are of 
minor categories. A minor category may be considered one whose name 
is also a part of the name of the particular plant. A major category is 

* For a historical account of the development of higher categories of classification and 
considerations of the diversified nomenclature given them, see Croizat (1945) and 
lust (1945). 
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any one of the higher categories whose names are not a part of the name 
of the plants belonging to them. The major categories of vascular plants 
have been reasonably well established in recent decades and their cir- 
cumscriptions are the special studies of the phylogenist rather than of 
the ordinary taxonomic worker. The minor categories have been the sub- 
ject of more intense study by a greater assemblage of workers and for 
this reason have been interpreted more diversely. Each of the more 
important categories is discussed below individually, with those of major 
magnitude preceding those of narrower limits. 

The categories of taxonomic groups and the terms denoting them are 
prescribed by Chapter II of the International Rules of Botanical Nomen- 
clature (ed. 3), of which Article 13 states: 

The definition of each of these categories varies, up to a certain point, according to 
individual opinion and the state of the science; but their relative order, sanctioned 
by custom, must not be altered. No classification is admissible which contains such 
alterations. 

To the extent that the above-quoted article applies, the subject of classi- 
fication units is one of nomenclature. The definition and general circum- 
scription of the categories is a subject of classification and is a vital part 
of the principles of taxonomy. 

Major categories of classification 

The plant kingdom is divided into divisions. Zoologists divide the 
animal kingdom into phyla, and for purposes of uniformity of category 
names between the two branches, some biologists and botanists have 
adopted for plants the term phylum in place of division. The term division 
is prescribed by the rules of nomenclature to represent the category of 
highest magnitude within the plant kingdom, whereas phylum is not men- 
tioned. The number of divisions into which the plant kingdom is divided 
varies with different systems of classification. By some authors it was 
considered to be four; by the latest revision of the widely current Engler 
system it was considered to be 12. Among vascular plants the Sperma- 
tophyta (seed plants) may represent a division.*^ It is not possible to 
define a division concisely or with precision. Divisions of vascular plants 
are relatively few in number. They are taxa that are distinguished by 
characters that are common only to the constituent elements of each 
division. For example, the Spermatophyta are characterized, in part, by 
the possession of a sporophyte generation that is dominant over the much 

® By the Engler system, this division bears the less familiar name, Embryophyta 
Siphonogama. 
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reduced gametophyte generation, by the presence of ovules, and by the 
production of reproductive structures called seeds. The characters em- 
ployed are often of reproductive, morphological, or internal anatomical 
structures. For the most part, it is true that these selected characters are 
believed to have been fundamental to early ancestors and that their 
presence throughout an extended sequence of generations undoubtedly 
was responsible in part for survival of present-day representatives. It 
must be recognized also, since these are biological material and all 
possessing the germ plasm that is life, that in the far distant past, the 
components of one division had one or more ancestors in common with 
the components of another division. The existence of these relationships 
means that the boundaries or criteria by which one division is separated 
from another division are not so sharp, clear-cut, or inviolate of excep- 
tion as one may be led to believe. Exceptions do exist and may be ob- 
served for almost every divisional character. For this reason the division 
is characterized by an aggregate of chfaracters rather than by any single 
infallible one. Similar sitiuitions exist in all major categories of plants. 

It is provided by the rules of nomenclature that any category of plants 
may be divided into subordinate categories intermediate between it and 
that of next lower rank. This is accomplished by adding the prefix sub to 
the name of the higher category. By this provision, a division may be 
composed of two or more subdivisions, or (when the intermediate cate- 
gory is not required) a division may be composed of two or more classes. 
The division Spermatophyta was divided into two subdivisions, the 
Gymnospermae and the Angiospermae. On the other hand, the division 
Pteridophyta was subdivided, not into subdivisions, but directly into cate- 
gories called classes. This is because fewer kinds of categories are recog- 
nized within the Pteridophyta than within the Spermatophyta. 

A division (or subdivision) is composed of classes. The class is the 
next full category subordinate in rank to the division. The names applied 
to classes are Latin names, as are those of all taxonomic categories, and 
ordinarily have the ending -eae. The two classes of the subdivision 
Angiospermae are the Monocotyledoneae and Dicotyledoneae. The 
Gymnospermae are not subdivided into classes by most authors, but are 
treated as composed of a number of distinct orders, a category explained 
below. In the case of the Dicotyledoneae the number of kinds of plants 
is so great that most phylogenists have treated them as composed of sev- 
eral subclasses. There has been no accord in the selection of names ap- 
plied to these subclasses or in the selection of taxonomic bases on which 
they have been established. 
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Each class (or subclass, when present) is subdivided into orders. The 
order is the category next in line and subordinate to that of class. ^ The 
Latin names of orders conventionally have the ending -ales, as Rosales 
or Cycadales. However, the names of some orders of long standing, and 
which were given to the taxa before the existence of currently accepted 
rules of nomenclature, do not terminate in -ales but rather have the end- 
ing -ae. These names have priority and nomenclaturally are allowed. Ex- 
amples of them are found in the names Glumiflorae and Tubiflorae (the 
orders to which belong respectively the grasses and asters). An order 
possesses a degree of phylogenetic unity that is determinable with greater 
assurance than that of the higher taxa of division or class. The relation- 
ships of its components and their eligibility for inclusion within the 
category can be ascertained by and established on more definite criteria 
and characteristics. 

In some cases it has been found desirable to treat large orders as com- 
prised of suborders. It is customary, and in accordance with the rules, 
to terminate the names of these suborders with the ending -ineae as Mal- 
vineae, a suborder of the Malvales. 

An order of plants is comprised of one or more families. The category 
of family is the smallest of the major categories and, of them, is the most 
frequently encountered in ordinary taxonomic studies. The Latin names 
of all but 8 of the families of vascular plants are terminated by the con- 
ventional ending -aceae, as Pinaceae, Rosaceae, or Ranunculaceae. Cer- 
tain family names sanctioned by long usage do not end in -aceae and have 
irregular terminations that are allowed as exceptions to the rule. These 
families are: Palmae, Gramineae, Cruciferae, Leguminosae, Guttiferae, 
Umbelliferae, Labiatae, and Compositae. However, the Rules (ed. 3) 
authorize the substitution of an alternative name ending in -aceae, as 
Poaceae for Gramineae. 

The family usually represents a more natural unit than any of the 
higher categories. This is true because usually more is known about the 
components of a family, and correlations between a greater number of 
characters usually exist. For example, families such as the grass family, 
the sedge family, the mustard family, and innumerable others, are readily 
recognized as natural taxa whose respective members have definite char- 
acters bonding them together. Not all families, or taxa conservatively 

^ Earlier botanists employed the term order for the category now named family. This 
tonner interpretation was used in the Bentham and Hooker system of classification and 
Is encountered in some current floras based on this system. The International Rules of 
Nomenclature (ed. 3) prescribe its use ac indicated above and make its use illegitimate 
in lieu of the term family. 
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recognized as such by many botanists, are natural. Examples of such 
unnaturalness are to be found, among flowering plants, in the Englerian 
concept of the Saxifragaceae and Onagraceae and, in the ferns, in the 
conservative concept of the Polypodiaceae. Each of these families is an 
unnatural taxon and, as currently and conservatively broadly delimited, 
must have been derived from heterogeneous and relatively unrelated 
ancestors; that is, they are presumed to be of polyphyletic origins. The 
solution to the problems presented by these unnatural families may rest 
in their division into smaller phylogenetically homogeneous families. The 
natural family is believed to be one whose members were derived from 
common ancestral stock (i.e., of monophyletic origin). The families of 
higher plants are separated from one another by characters generally in- 
herent in the reproductive structures. They are characters usually asso- 
ciable with features such as inflorescence type, ovary position, placenta- 
tion type, pistil and carpel number, ovule type, embryology, such an- 
droecial conditions as monandry, diandry, and syngenesism, and the 
disposition of sexes as in dioecism and monoecism. The increase in 
knowledge of the origins, interrelationships, and ancestral types of these 
features will gradually result in the resolution of many of the problems 
concerned with the more accurate determination of family circum- 
scription. A family is not of any particular size; it may be comprised 
of one genus or of 100 genera. Its claim to this rank lies with the 
degree and constancy by which it differs from other families within the 
same order or suborder. 

When a family is large and comprised of many components, it is often 
found desirable to divide it into phyletic units called subfamilies. These 
bear Latin names that usually are terminated by the ending -oideae. One 
subfamily of the Rosaceae is the Rosoideae, another of the same family 
is the Pomoideae. Large subfamilies are sometimes subdivided into tribes, 
which are subordinate phyletic groups whose Latin names have the 
ending ~eae. One tribe of the Compositae is the Astereae, another the 
Inuleae. In some cases a family is divided directly into tribes. Occasion- 
ally it is desired to recognize phyletic groups subordinate to the tribe; 
these are called subtribes. They are designated by Latin names ending in 
-inae. 


Minor categories of classification 

A minor category of classification is considered here to be one whose 
name becomes a part of the name of the plant. It may be a genus, a 
species, or any one of the several categories subordinate in rank to the 
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species. For reasons of phyletic clarity and convenience in classification, 
the category of genus is sometimes subdivided into subgenera, sections, 
subsections, and series. These latter are phyletic groups whose Latinized 
names do not enter into the name of the plants concerned and which 
basically are not of the same functional significance as is the category of 
genus, species, or variety. As mentioned at the beginning of this chapter, 
more workers are concerned with the minor categories of classification 
than are concerned with the major ones. Because of this, more data are 
available concerning the components of these units, and more diversity 
of opinion and concept exists concerning their delimitations. In general, 
the concepts of these minor units are represented by two or more schools 
of thought, and it is desirable to present the views of these as objectively 
as possible. For details other than those provided below the student is 
referred to articles cited in the bibliographic references at the close of 
this chapter. 

The genus is subordinate to the family. Each family is comprised of one 
or more genera. The generic name of a plant is the first of the two words 
comprising a binomial as, for example, in the binomial Quercus alba 
the generic name is Quercus, The Latin names of genera are substantives 
(or adjectives used as such), are always capitalized, are always in the 
singular number, and may be taken from any source whatsoever or com- 
posed in an entirely arbitrary manner. They have no uniform endings. 

The genus is a category of long standing. It is highly probable that 
genera were recognized as grouf)s of plants of common affinity before 
science came of age, and before written languages existed. Among the 
early herbalists, Oscar Brunfels is credited with having had the clearest 
concept of the category of genus. A little over a century later, in 1716, 
there was published (posthumously) a monumental work by the French 
botanist Joseph Pitton Tournefort, Institutiones rei herbariae, wherein he 
developed his thesis that the fundamental category of classification was 
the genus, and that plants having in common two or three characters of 
reproductive structures were usually to be treated as members of the 
same genus. Basically the Linnaean concept of the genus (1737 et scq,) 
was in accord with that of Tournefort, and in this respect it is significant 
that of our common indigenous plants, more of them are in genera 
named and circumscribed by these two men than have been named sub- 
sequently by other botanists. 

Any consideration of the concepts of the generic category must recog- 
nize that the philosophies of these early and great men were of a period 
when the theory of Special Creation prevailed, a doctrine accompanied 
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by the corollary that life forms were immutable. It was during this* period 
of dogmatism that basic tenets were established by which much of our 
currently available taxonomic literature was written. This literature was 
based on a system “organized on a basis of similarities, having as its 
fundamental principle a doctrine based on the thesis that a community 
of similar morphological structures indicates relationship” (Camp, 1940, 
p. 382). The genera of Linnaeus, Rafinesque, Hooker, Gray, Torrey, 
and of later botanists were based largely on the belief that a genus is a 
category whose components (i.e., species) have more characters in com- 
mon with each other than they do with the components of other genera 
within the same family. This concept of the genus is supported by many 
contemporary taxonomists. An inherent weakness of this concept is that 
in circumscribing genera, often within a given family, it is not possible to 
treat selected characters as possessing equal value for all genera of the 
same family. It very often happens that characters that are adequate to 
separate some genera within a family are insufficiently stable to separate 
even species within another genus of the same family. Despite this short- 
coming, the concept has provided an expedient solution to a practical 
need: it has served and vjll continue to serve a purpose. 

Many botanists believe that the genus is more than a taxonomic cate- 
gory. If the theory of evolutionary descent via the transfer of mutable 
germ plasm through successive generations is accepted, then just as it is 
the goal that taxa represented by the higher categories be arranged within 
a natural and phyletic system of classification indicative of genetic rela- 
tionships, so also is it desirable that the category of genus be treated as a 
phyletic unit; a category circumscribed and disposed to indicate the 
phyletic relationships of it and its components with other similarly estab- 
lished genera and their components. This second concept treats the genus 
as a biological category, and taxonomic studies of genera that accept this 
concept take into account not merely the morphological similarities by 
which it is conventionally recognized, but also the origins, migrations, 
genetic, cytologic, physiologic, and ecologic behavior, and geologic his- 
tory associated with its components. The re-evaluation of existing genera 
by the tenets of such a concept must result in some genera being divided 
into segregates, others being combined with what were thought to have 
been distinct genera, and still others maintaining their status quo. Generp 
established by adherents of the first concept are the products of descrip- 
tive taxonomy, whereas those redefined according to the second concept 
are the products of a modern phyletic taxonomy.® 

^For discussion of the delimitations of genera, see Moran (1942). 
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A genus may be divided into subgenera and they in turn into sections, 
subsections, and series, or the genus may be treated as composed of sec- 
tions without the intercalation of subgenera. Some genera are not sub- 
divided, but comprise only a group of very homogeneous species. The 
names of generic subdivisions are usually adjectives in the plural number 
and agree in gender with the generic name. 

The species long has been considered to be the basic unit of all 
taxonomic work. This view had its origins in earliest civilizations and the 
species was the category on which the theory ^f Special Creation 
founded its beliefs (note that Homo sapiens is a species). This theory 
postulated that all the kinds (i.e., species) of plants and animals were 
created in their present form, that the number of species then on earth 
was the same number that had been there since the beginning of time, 
and that having these species man proceeded to devise classifications 
whereby they were grouped into genera, the genera into families, the 
families into orders, and so on. According to the theory of evolutionary 
development, no single category is a basic phyletic unit, for the category 
of species is no more fundamental to a phylogenetic schema than is any 
other category, and all categories must be accepted as somewhat artificial 
and all considered as interlocking links in a 3-dimensional composite of 
relationships. However, despite this, it must be recognized that nomen- 
claturally the species is the category on which the binomial system 
has been established. It is the category that has received more atten- 
tion by biologists than all others combined. 

What is a species? Botanists of every generation have attempted to 
answer this question, one for which there may be no single answer. An 
approach to an answer was provided by Camp and Gilly ( 1943, pp. 380- 
381), who wrote that; 

There are even some among us who have advocated that we discard the concept 
of a species altogether. Therefore, the question which the systematist should seek 
first to answer is not: Upon what criteria should the concept of a species-unit be 
based? Rather, he must enquire: Does the species-unit deserve to be a fundamental 
philosophical concept? This, perhaps fortunately for his own peace of mind, has 
long ago been decided for him. 

The concept of species or kind, as a unit, has become so firmly entrenched in the 
m.nd of man — so much a part of his awareness, so necessary to his basic philos- 
ophy — that it remains only for the systematist to interpret this unit . . . 

There are many schools of thought that have attempted to produce 
interpretations of the unit, but the number of botanists holding to dif- 
ferent views is diminishing. The time honored answer to the question of 
“What is a species?” has been that a species is a concept, that it is the 
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product of each individual’s judgment. The modern taxonomist requires 
more data in the jelling of a species concept for, in addition to mor- 
phological distinctions, inquiry is made of the character and extent of 
morphological variation within the populations that collectively are 
treated as a species; to these may be added considerations of distribution 
that may or may not take into account the geologic history of the areas 
concerned. This concept was undoubtedly of major importance to du 
Rietz (1930), who postulated that sp ecies were ‘* the smallest n atural 
pop ulations p ermanen tly ^epara^d from ^ch other by_a distinct dis- 
colitinuity ^ in J^e_ sjeries of biotypes/’ This view stresses the importance 
of morphological continuity transmissible from one generation of com- 
ponents of the species to another. Lamprecht (1949), a cytogeneticist, 
traced the developments of and changes in species concepts, classifying 
them to be identified with one of the following five periods of taxonomic 
research: “(1) descriptions without taxonomic systems, (2) the period 
of development of artificial and natural systems, (3) systems in the light 
of evolution, (4) the period beginning with the detection of speciation by 
addition of genomes, and (5) that beginning with the detection of the 
genic basis of the species barrier.” From this view it is clear that most 
current taxonomic work comes within his third period, and that the 
biosystematist is now working in the last two periods. 

Any consideration of solutions to the species problem must take into 
account the current views that ( 1 ) all populations tend to vary and that 
no two are ever exactly alike, (2) that some of these variations are 
adaptive and are of survival value, (3) that forces of nature result in the 
extinction of some individuals while others survive the same forces, 
(4) that some of the variations displayed by individuals within a popula- 
tion must be hereditary if successive generations are to be modified from 
ancestral conditions, and (5) that the environment of the individuals 
must not be static lest the course of evolution be checked by the forces 
of natural selection. These views collectively incorporate the principles of 
the theories of natural selection and of evolution. If they are pertinent 
to the background and evolution of the individual and likewise, through 
aggregates of individuals, of the species, it is apparent that there must be 
many kinds of species. These kinds of species are biologically different 
taxa that have arisen by means of different selective and genetic mecha- 
nisms.® The species is perpetuated by one of a relatively few types of 
reproduction. Sexual reproduction plays the dominant role, but within 

^ For discussions of the kinds of species and their genetic origins, organizations, and 
behaviors, see Camp and Gilly (1943) and Lamprecht (1949). 
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this type of reproduction the “fertility relations between the individuals 
or between intraspecific groups will certainly affect the type of the popu- 
lation” (Babcock, 1947, I, 35). In addition to these, the genetic con- 
stitutions of populations vary, for, as shown by chromosome comple- 
ments, the plants may be diploids, or they may be various kinds of 
polyploids. Plants of different genetic constitution behave differently, 
the progeny may or may not be like their parents, and by virtue of the 
potentials inherent in these internal genetic conditions, plants may be 
sexually compatible or incompatible, migrate or regress, or may survive 
or perish. It has only recently been recognized that asexual reproduc- 
tion also may be responsible for kinds of species. It has become estab- 
lished that certain populations often treated as species do not reproduce 
sexually but rather by asexual devices, many of which are obscure and 
superficially not apparent. This may be accomplished by various types of 
apomixis such as parthenogenesis or simple vegetative reproduction of 
clonal elements.'^ These different kinds of species may or may not possess 
gross morphological characters by which they may be differentiated. The 
recognition by Clausen, Keck, and Hiesey (1939) of the significance of 
these genetic factors in the speciation of plants resulted in a subclassifica- 
tion of species which has gained considerable support and is presented in 
detail in Chapter VIII. 

From this it is apparent that the problem of speciation is not simple. 
The taxonomist is faced with the need of acknowledging that biologically 
there are different kinds of species and that each species represents a 
kind of population. Accompanying this is the recognition that these 
genetic systems called species must be resolvable into the existing func- 
tional binomial system of nomenclature. 

The existence of different and sometimes seemingly divergent views on 
the subject of what is a species need not be confusing. It is important 
to know that they exist. It is desirable to know the principles of thought 
involved in the more important of them so that they may be rationalized 
and evaluated. In arriving at an opinion, it should be remembered that in 
most instances there are yet insufficient data by which to determine the 
speciation status by the standards of the biosystematist, and that for 
purposes of expediency and practicality the taxonomist, must give to the 
populations under study “(1) a circumscription which is not only 
biologically as sound as possible, but (2) which also is in accord with an 
effective system of nomenclature. Furthermore, the interpretation of these 

’’ For an analytical review of literature on the role of apomixis in species formation, 
see Chapter VIII, pp. 184-185, and Stebbins (1941), and Gustafsson (1946-47). 
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items must be balanced; there must be no undue emphasis on one above 
the other, otherwise a bifurcation of concept will result leading to chaos 
in systematics.” (Camp and Gilly, 1943, p. 381.) 

Irrespective of the nature of the concept by which species are circum- 
scribed, the unit must fit into the binomial system of nomenclature. It 
must have a Latin name and that Latin name, composed of two words — 
the generic name and the specific name — is the binomial. The specific 
epithet is the second word of a binomial. The regulations governing the 
subject of binary names are presented in Chapter IX. 

In addition to the terms applied to these major and minor categories, 
there has been proposed the term taxon (plural, taxa) as being more 
adequate and specific than such ambiguous terms as entity or taxonomic 
group.® The term entity is unsatisfactory since no taxonomic or biologic 
category above that of the individual can strictly be an entity, and the 
term group is inadequate since it is a collective term not properly ap- 
plicable to an individual plant. The term taxon has the merit of possessing 
a single meaning, unfettered by vagueness or ambiguity. It is short yet 
descriptive. It is believed that its acceptance will add clarity and pre- 
cision to biological literature. 

Infraspecific categories 

Any category below the rank of species is an infraspecific category. 
It is a variant of the species.^ Taxonomically, the origin of species 
variants has been the subject of two basic philosophies. According to the 
first, botanists of the nineteenth century and earlier consistently in their 
taxonomic works would establish a species. Then if it was determined 
that a variant of that species existed, the variant was named and de- 
scribed as if it were an appendage to the species. This philosophy 

®The term taxon was presented at the Utrecht symposium on nomenclature, con- 
vening during the summer of 1948, by H. J. Lam, who formally proposed “to indicate 
taxonomic groups of any rank with the term taxon (plural; taxa). This term was first 
introduced by A. Meyer in his: Logik der Morphologie im Rahmen einer Logik der 
gesamten Biologie, 1926, p. 127; cf. also pp. 133, 241.“ It is believed that Meyer did 
not mean to introduce the term taxon to be used for any systematic unit. He introduced 
it to distinguish a minor category in taxonomy from a major category of phylogeny 
that Haeckel (in Generelle Morphologie 1:2. 1866) had designated phylon. At the Inter- 
national Botanical Congress, held in Stockholm, 1950, it was voted to use the term taxon 
throughout the next edition of the Rules of Botanical Nomenclature, wherever appropriate. 

® The designation infraspecific category is introduced to avoid the ambiguity occasioned 
by the use of subsp6cific category, since an infraspecific category clearly is any of sev- 
eral categories subordinate to that of species, whereas a subspecific category may be 
used in this sense or may be used more strictly to designate the category of subspecies. 

The term variant is used here in the literal sense, for any element differing from the 
typical, and is not to be confused with the term variety; the latter being an English 
translation of the Latin varietas, a technical term used to designate a particular category 
subordinate to the rank of species. 
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Stemmed directly from the theory of Special Creation, for the variant was 
not considered to be a genetic part of the species, but rather was an 
orphan element apart by itself that did not merit species rank but was 
attached to that species which it most closely resembled. Such was the 
philosophy of men from the time of Linnaeus to Asa Gray and later. 
Full comprehension of the dynamic forces inherent in the theories of 
evolution resulted in the second and more recent philosophy that 
biologically a species comprises the element represented by the initial 
binomial and all subsequently described variants ascribed to that binomial. 
In other words, by this later philosophy, it was merely by chance that one 
plant (or population) served to be the basis (nomenclatural type) of 
the new binomial (i.e., species). If it had happened that one of the 
elements later treated taxonomically and nomenclaturally as a variant of 
a binomial had been discovered first, then the second element would 
have been the typical element of the species (i.e., it would have been the 
initial element first to have been designated by a binomial) and the first 
would have become a variant of it. That is, if the variant and the typical 
element of a species are of the same rank they are presumed to be 
biological equivalents, one is no more the species than is the other. 
Properly speaking in technical treatments, the description of the species 
as represented by the binomial would then be of a scope that would 
account for the characteristics of all varietal elements of it and not of the 
typical element alone. If the species is thus broadly circumscribed, the 
typical clement is to be contrasted with successively described variants 
and treated nomenclaturally in a definite category subordinate to the 
species and coordinate with other included elements of the same infra- 
specific rank. When more than one infraspecific taxon is present, a 
trinomial form of nomenclature is followed, as, for example, Carex 
aquatilis var. aquatilis for the typical element, and Carex aquatilis var. 
altior for an infraspecific taxon of it. 

The rules of nomenclature provide for the infraspecific categories of 
subspecies, varietas, subvarietas, forma, forma biologica, forma specialis, 
Lnd individuum. Of these the three most commonly recognized are the 
subspecies, variety (varietas), and forma. The situation exists here, as it 
does with respect to the category of species, that there are differences of 
opinion as to what is a subspecies, a variety, or a forma. 

The subspecies has been given many definitions, but of them the fol- 
lowing may serve to indicate the basic differences of concept: (1) that 
they are baby species or species of small magnitude that are distinguished 
by less X obvious or less significant morphological features than are more 
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obvious species within the same genus; (2) that they are major mor- 
phological variations of a species that have geographic distributions of 
their own, which are distinct from the area occupied by other subspecies 
of the same species; or (3) that a subspecies is the category to which 
should be referred those elements which by possession of satisfactory 
geographic, ecologic, and morphologic characters are suspected to be 
counterparts of the ecotype (a biologically significant element deter- 
minable only after analysis by slow and tedious experimental tech- 
niques).^^ The use of the category subspecies is receiving increasing 
favor by taxonomists, but in each case it must be determined which of the 
three basic types of concept was adopted by the author. For example, the 
subspecies of the Englerian school was a category of major morphological 
distinction with or without disjunctive distribution. By earlier European 
botanists (Link, Sprengel, et al.) it was reserved for horticultural ele- 
ments, by early devotees of the American Code it was “applied indis- 
criminately to anything below the rank of species” (Weatherby, p. 161), 
and by some contemporary biosystematists it is employed for an un- 
proved but suspected ecotype. (For definition and discussion of the term 
ecotype, cf. pp. 176-177.) 

The variety (Latin, varietas) has been used as a category to designate 
as many or more concepts as has that of subspecies. Horticulturists have 
used it indiscriminately for any variant of the species; botanists have con- 
sidered it to be ( 1 ) a morphological variant of the species without regard 
for distribution, (2) a morphological variant having its own geographical 
distribution, (3) a morphological variant sharing an area in common with 
one or more other varieties of the same species, and (4) a variant repre- 
senting only a color or habit phase. From this it is clear that the same 
plant may be designated a subspecies by one botanist and a variety by 
another, or that the variety of one author is placed in the category of 
jorma by another author. This lack of unanimity of concept is discon- 
certing, but it is a factor to be recognized in any appraisal of taxonomic 
literature. In this regard, it is not especially important that agreement 
exist if by even diverse modes of evaluation the same pattern of rela- 
tionship is reached. There is no historical basis for priority of usage of 
either the term subspecies or variety. As stated by Fosberg (1942), 

The solution seems actually simple enough, if one recognizes that there are many 
types of evolutionary process in operation, producing many kinds of species, and 

For details concerning thes^^aod. X)thcr-ga n 8e pt B e f lliL SUUSp ccicS categt^y, cf. 
references in bibliography to pafer^by^ R. 

Pennell, Weatherby. 
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that intraspecific units may be incipient species in various stages of development. 
These stages may be at least roughly indicated by the categories in which the groups 
are placed. Each taxonomist may take up the system of categories set up in the 
International Rules and apply it to the groups of plants with which he is working 
in the way that, in his judgment, best expresses the relationships of the groups of 
individuals concerned. The Rules require only that the order of the categories be 
not disturbed, and that each plant be placed in a species, genus, family, order, 
class, division and kingdom. All other categories are to be used at the discretion of 
the worker. In this way the system will retain the flexibility that is absolutely essen- 
tial to make it fit the wide variety of evolutionary situations to which it must apply. 
Discarding any of the categories, whether from reasons of historical confusion or 
personal prejudice, impairs this flexibility. 

The forma is commonly the smallest category used in ordinary taxo- 
nomic works. It is generally applied to trivial variations occurring among 
individuals of any population. Such variations as represented in corolla 
color, fruit color, habitat response are, by this concept, placed in the 
category of forma. Some botanists consider a forma to be any variant 
that occurs sporadically in a species population irrespective of the degree 
of morphological variation or constancy, the significant criteria being 
that of no geographical discontinuity. The forma of this latter concept is 
equivalent to the variety of many botanists. 

Lesser categories below that of forma appear in the literature, pri- 
marily in European floras and in horticultural works. The category termed 
a race is employed in some floras in lieu of or subordinate to the term 
forma}^ In horticultural work, the term clone is applied universally to 
individual plants that are propagated by asexual (vegetative) means. 
The original^ definition^ of the term inadvertently has been considerably 
amplified and emended by some geneticists and biosystematists to include 
also those indigenous plants that reproduce asexually by apomixis.^ , 

Morphological criteria 

All taxonomists are agreed that the differences between plants, and 
the similarities that plants may possess in common, are measurable to a 
large degree by the morphological characters of those plants. A mor- 
phological character, to a taxonomist, is one inherent in or manifested by 


^ ^ By some authors of biosystematic works the term race or ecological race is used in 
lieu of the term ecotype. This usage may be unfortunate and seemingly may add to the 
ambiguities of terminology, since the term ecotype (although of varying definition) is 
now well established in the literature and need not be abandoned for etymological 
reasons nor simplified to facilitate understanding. The term race has been used in other 
senses by geneticists and its use as a taxonomic category by some European systematists 
is not to be ignored. 

For discussions of the origin and spelling of the term and its application, see 
Steam, W. T. (1947). 
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a structural component of the plant. In general it is concerned with the 
organography of the plant, with characters that usually are discernible 
with the aid of no more than a good hand lens. The more recent recog- 
nitions by taxonomists of the significance of the related sciences of 
anatomy, cytology, and comparative morphology have resulted in an 
expansion of the concept as to what is a morphological character and to 
the extreme that some taxonomists now consider the number of chromo- 
somes to represent as significant a morphological character as that pro- 
vided by the number of stamens. The value of the morphological char- 
acter is measured by its constancy. The more constant the character, the 
greater is the reliability that can be placed upon it. In this regard it must 
be remembered that a character that is reasonably constant among the 
members of one group may be a weak character among members of an- 
other group. For example, among the families of some dicotyledonous 
plants the character of ovary position (inferior vs. superior) is adequate 
to separate families and orders, but within some monocotyledonous 
plants the two types of ovary position are to be encountered within a 
family (e.g., Bromeliaceae), or even within a single genus (e.g., 
Bomarea). 

Vegetative vs. reproductive structures. The vegetative structures 
of plants (i.e., those of leaves, stems, buds, and habit of growth) are 
readily apparent to the eye and have an appeal to the beginning taxono- 
mist. Their observation generally does not require the use of a micro- 
scope or high-powered lens nor the employment of razor blade or dis- 
secting needles. However, their use as taxonomic criteria is limited for 
two basic reasons: the total number of vegetative characters available is 
few as compared with the number of species of vascular plants, and too 
often the vegetative characters are not particularly constant. 

The number of species of woody plants of any temperate flora is 
usually fewer than the number of species of herbaceous plants of the 
same flora. For this reason, most genera, and sometimes the species, of 
these woody plants may be separated largely and almost exclusively by 
vegetative characters. Keys to woody plants are popular for this reason. 
However, even among the genera of woody plants, vegetative characters 
lack the necessary variability of type, stability, and constancy necessary 
for the identification of species. Examples are abundant in such tem- 
perate genera as Crataegus, Prunus, Quercus, Rhododendron, Salix, and 
Vaccinium. As a rule, the greater the number of species in any genus of 
woody plants the more difficult is their identification by means of vegeta- 
tive characters. 
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In the preparation of keys to woody plants it frequently is desirable 
to use vegetative characters to as great an extent as practicable. It has 
been found from experience, in dealing with plants of temperate regions, 
that certain vegetative characters are generally more constant than are 
others. (In certain genera and families, however, there are notable ex- 
ceptions.) Those characters known to be more reliable than others are 
listed below in sequence of approximate descending constancy: 

Leaves needle- or scalelike vs. leaves broad and laminate 
Venation parallel vs. venation reticulate (netted) 

Leaves compound vs. leaves simple 
Plants erect trees or shrubs vs. plants vinelike 
Stipules present vs. stipules absent 

Leaves lobed or divided vs. leaves neither lobed nor divided 

Leaves opposite or whorled vs. leaves alternate 

Leaf margins entire vs. leaf margins variously toothed 

Leaves persistent and coriaceous vs. leaves deciduous 

Spines or prickles present vs. spines or prickles absent 

Leaf base tapering (cuneate) vs. leaf base broad (cordate, obtuse, truncate) 

Leaves with 1 main mid-vein vs. leaves with 3 primary veins 

Succeeding the above would be characters of leaf form, leaf apex, the 
leaves petioled or sessile, and pith characters of the twig or stem. 
Characters of vesture (pubescence), surface, coloration, milky vs. watery 
sap, and sizes of plant or leaves are generally useful only in the separation 
of species or their variants. 

Reproductive structures are those associated with the flower and fruit. 
The number of organs in these structures, and the number of components 
of these organs, are many times that available from vegetative structures. 
For this reason the number of mathematical combinations and recom- 
binations of reproductive characters is infinitely greater and ordinarily 
exceeds the number of species (or smaller units) to be differentiated. 
In addition to being more abundant, reproductive characters in general 
are much more nearly constant than are vegetative characters. The 
reliability of any single reproductive character selected for taxonomic use 
must be determined individually, however, for each particular group of 
plants. 

Ligneous vs. herbaceous characters. In recent decades increased 
emphasis has been placed on the phyletic significance of the woody as 
opposed to the herbaceous character of plants. It is believed by many 
botanists that among the higher vascular plants, those of woody habit 
were the antecedents of those of herbaceous habit. Hutchinson, in the 
latest version of his classification (1948), has made this hypothesis the 

'®Cf. pp. 225-228 for discussion of keys, their preparation, and use. 
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basis of his two classes (Lignosae and Herbaceae) of the Dicotyledoneae, 
In doing so he warned 

. . . against taking the view that he has reverted to the old practice of putting all the 
woody plants into one group and all the herbaceous plants into another. . . . What 
has been done is to put all those families which are predominately woody, and the 
more primitive genera of which are woody, into the woody phylum, and conversely 
the same has been done with the herbaceous families. 

In other words, the woody division consists of trees and shrubs plus herbs which 
are related to trees and shrubs, and the herbaceous division consists of herbs plus 
some clearly related woody plants. 

In addition to the significance placed on these criteria by Hutchinson, 
the more elemental distinction between woody and herbaceous plants 
has practical value in artificially separating the minor units of classifica- 
tion. In many cases, the demarcation between the two criteria is not sharp. 
Some plants that appear to be herbaceous are actually woody in that 
their stems in addition to being woody in texture are of perennial dura- 
tion (e.g., Gaultheria procumbens, Epigaea repens, or Vinca minor). 
Other plants are basally woody but have stems that for the most part are 
herbaceous. Such plants are often referred to as being suffrutescent in 
character (e.g., Pachysandra terminalis, Arabis caucasica, or Aralia 
hispida). 

Inflorescences, An inflorescence conventionally is considered to be 
the arrangement of flowers on the floral axis. By Linnaeus (1751), it 
was said to be a mode of flowering; that is, he considered it to be a 
phenomenon or function and not a structural component of the plant. 
The present-day classification of inflorescences, although utilizing to an 
extensive degree the terminology of Linnaeus, is based on the relatively 
unscientific observations of Link (1807) as modified by Roeper 
(1826).^^ These botanists considered the inflorescence to be a structural 
entity of the plant, subject to subdivision into definite classes and types 
for use as taxonomic criteria. The basic classification of the inflorescence 
by Roeper (into a series of determinate and indeterminate types) is, 
with some amplifications and modifications, that used today in taxonomic 
and less technical descriptions of flowering plants.’ As pointed out by 
Rickett (p. 189), inflorescences are branch systems and are “all related 

Rickett, H. W. (1944), for a detailed analysis of the subject of inflorescence 
classification, and from whose review much of the data for this section of the chapter 
were obtained. See also Croizat (1944) for views treating the inflorescence as an aggre- 
gate of vegetative and floriferous axes. 

A determinate inflorescence, simply expressed, is one in which the terminal flower 
of the axis opens first with the remaining flowers of that axis opening successively from 
top to bottom. An indeterminate inflorescence is one in which the lowermost flowers 
of an axis open first and the terminal flowers open last, with the successive opening of 
flowers accompanied by an elongation of the axis. 
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in the sense of being derivable from one underlying type.” It is conceded 
generally that the primitive inflorescence or its antecedent was a system 
of branches each of which was terminated by a flower. Every individual 
flower is a terminal unit. It is borne on the end of an axis, and it matters 
not whether that axis conventionally be termed a peduncle, pedicel, re- 
ceptacle, torus, or stem. The structure represented by any one of these 
terms is technically a floral axis. It is important to an understanding of 
the use of inflorescences in the classification of these plants to know what 
type of inflorescence is primitive, and of the possible developmental 
sequence of other types from the primitive. Unfortunately there is yet 
insufficient knowledge concerning the phyletic relationships of the 
families of flowering plants to permit more than speculation on the 
origins of inflorescences. However, speculations based on what are be- 
lieved to be the best available data do provide rational approaches to a 
solution of the problem. 

Three theories have been proposed to account for the evolution of 
present-day inflorescences from the presumed primitive condition of a 
branch system of terminal flowers. The first postulates the primitive type 
to have been a panicle, the second that it was the single terminal flower, 
and the third that it was a dichasium. The first theory has been held by 
many investigators, including Nageli (1883), Celakovsky (1892), and 
Pilger ( 1922). By acceptance of the panicle as primitive, it is easy to ex- 
plain the derivation of all other types from it as was done in part by 
Goebel (1931). Pilger supported his views in defense of the theory with 
analogies which he conceded do not exist among living woody angio- 
sperms. The second theory, supported by Parkin (1914), proposes the 
development of multiflowered inflorescences from the solitary flower by 
addition of lateral flowers (and branches of flowers) by axillary growth. 
Any consideration of this theory must take into account the generally 
accepted view, discussed later in this chapter, that branch systems are a 
fundamental part of the plant organization, and that the flower is prob- 
ably made up of highly modified branch systems. Acceptance of the 
belief that foliar organs are highly modified branch systems adds logic to 
1 theory that the primitive inflorescence also was a branch system and 
that most existing examples of solitary flowers represent examples of 
reduction and suppression. The third theory, that the dichasium (Fig. 3) 
may represent the primitive type, has been accepted by Rickett ( 1944) . 

In its simplest form the primitive dichasium consisted of three flowers 
disposed in a cluster formed on a single peduncle by a dichotomous 
branching immediately beneath a terminal flower (Fig. 3q). From this 
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simple dichasium there may be developed a more complex dichasium 
that is formed by “a repetition of the same apparent dichotomy in each 
lateral branch.” In nature, the dichasium may be simple or compound, 
ample or restricted, and it would be hazardous to speculate as to which 
form preceded the other in ancestral types. There is no clear paleo- 
botanical evidence to support the view that the dichasium was ancestral 
to the panicle, neither can the latter be established as the more primitive. 
Either one may have been derived from the other. There is some fossil 
evidence that in a few rare instances the solitary flower may represent a 
primitive situation. It has been shown (Florin, 1948) that primitive and 
now extinct conifers possessed a paniculate inflorescence, a fact that 
should not, however, be construed as evidence indicative of gymno- 
spermous ancestry of the angiosperms. There is a theory held by many 
botanists that the Pteridospermae (seed plants with fernlike foliage) pro- 
vide the ancestral group best possessing angiospermlike morphology; in 
this taxon the ovules, borne on complex fernlike leaves, suggest a 
paniculate arrangement. Irrespective of the relative primitiveness of the 
panicle and the dichasium, the views of Rickett on the possible evolution 
of inflorescence types, as outlined below, are most helpful and provide a 
logical understanding of possible relationships. 

The dichasium was postulated by Rickett to have given rise, by only 
slight structural modifications, to inflorescence types such as bostryches, 
cincinni, verticels, cymes, helicoid cymes, scorpioid cymes, and by ap- 
parent elimination of internodes it may have been an antecedent to types 
such as the umbel, capitulum, and corymb (Fig. 3). The obvious struc- 
tural organization of complex and congested inflorescences indicates that 
many of them may have developed from various combinations and aggre- 
gations of dichasia. In this regard, it is now believed that the seemingly 
simple raceme and spike represent types that are reduced, along one of 
two or more evolutionary lines, from more complex ancestral types of 
dichasia or panicles. That is, the raceme or the spike may have been 
evolved through steps involving the reduction of individual dichasia to 
as little as a single flower accompanied or not by similar reduction of 
leaves to subtending bracts. It has been established that, in many cases, 
the presumed distinction of an inflorescence being determinate (i.e., 
centripetal) or indeterminate (centrifugal) is without validity and that 
ultimately in a new classification of inflorescence types, this criterion 
will have less value than is currently accorded it. In certain inflorescence 
types it is a valid characteristic, while in others it is unreliable. For ex- 
ample, the umbel of members of the Umbelliferae is an indeterminate 



62 


PRINCIPLES AND PRACTICES OF PLANT TAXONOMY 


type of inflorescence whose outer flowers open before the inner ones. 
However, in many of the Amaryllidaceae (as in Allium the umbel is 
a determinate inflorescence as indicated by the central flower opening 
prior to the outer flowers. Structurally, the inflorescence is an umbel in 
either family, but phyletically the two kinds of umbel are unrelated and 
represent reductions by two different evolutionary lines (Fig. 3). 

A derivative and advanced group of inflorescence types over those con- 
sidered to have more direct affinity with the dichasium is that known 
as the monochasium, A monochasium is an inflorescence resulting from 
a dichasium in which one branch of each dichotomy continues to develop 
while the other branch is suppressed completely (e.g., aborts). The 
result is a sympodial axis composed of a series of superposed axes and 
is sometimes referred to as a sympodial dichotomy (Fig. 3). This type of 
inflorescence is phyletically a complex inflorescence, since it is made 
up of a series of branch systems. It is the “scorpioid cyme” of botanical 
floras and manuals and is characteristic of many boraginaceous genera 
{Myosotis, Heliotropium, Symphytum) as well as of representatives of 
the Polemoniaceae and Hydrophyllaceae.^^ In these taxa its character 
and origin are usually obvious by macroscopic inspection. However, re- 
duction often has advanced to a degree where the monochasium is not as 
apparent in all cases as in the so-called scorpioid cyme. That is, in some 
groups, the sympodial false axis (actually composed of determinate 
units) may be so refined in appearance as to seem to be a simple and true 
axis of indeterminate growth; such an inflorescence is the raceme of 
Claytonia, an inflorescence that morphologically is as much a helicoid 
cyme as is that of Myosotis, In other genera, the monochasium has been 
reduced to an umbel as in the florists’ geranium (Pelargonium). The 
umbel of Allium, mentioned above, is of similar origin. 

From this brief review of possible origins of inflorescences, it may be 
speculated that either the panicle or the dichasium (rarely the solitary 
flower) is the primitive type of inflorescence, and that from them have 
been evolved all other types of inflorescences. That is, the solitary flower, 
the panicle, and the dichasium all may be primitive types.^® By this spec- 

For discussion of the family to which Allium belongs (Liliaceae vs. Amaryllidaceae). 
cf. Part II, p. 415. 

^'^Note from study of Fig. 3, that the so-called scorpioid cyme here referred to in 
quotes is properly a helicoid cyme (helicos, meaning snaillike) and that the true 
scorpioid cyme is an inflorescence type not commonly encountered. 

The pteridosperm leaves bear ovules in ways that would provide a background and 
historical basis for this: the ovule terminal and solitary on huge fronds? the ovules 
terminal on few or all pinnules; or the ovules marginal and terminal throughout the 
frond. 




Fig. 3. Schematic diagrams of hypothetical evolution of inflorescence types: a, com- 
pound dichasium; b, helicoid cyme; c, cincinnus; d, scorpioid cyme; c, thyrse; f, panicle; 
~ compound corymb; h, simple corymb; i, raceme; j, indeterminate umbel; k, spike; 
in ' * 
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ulation, it is indicative that usually the conventional raceme is more primi- 
tive than the spike but that both are advanced over the panicle, that while 
the panicle may have been primitive, some present-day examples of the 
panicle may have been derived from a thyrse, and that the numerous 
cymose types of inflorescences are perhaps more primitive than most of 
those mentioned above. Accordingly, the modern or present-day in- 
florescence represented by a solitary flower in almost all plants is a 
product of reduction, a reduction that may have resulted from any one 
of many multiflowered inflorescence types, whose origin may be indicated 
only by comparative studies of inflorescences of related taxa. 

The significance of the inflorescence as a taxonomic criterion has been 
established. In some families it is of significance in recognizing entire 
families (Umbelliferae, Cornaceae, Compositae, Labiatae, Gramineae, 
Amaryllidaceae [sensu Hutchinson]) and in others in recognizing tribes 
or genera {Galium, Smilax, Malus, Philadelphus) . The consideration of 
phyletic significance of the inflorescence cannot be evaluated apart from 
other criteria, but in dealing with minor units of flowering plants often it 
may be helpful in establishing their position in a particular schema or 
classification. 

Reproductive elements and their taxonomic significance* Tax 
onomists, since and before the time of Linnaeus, have relied heavily on 
the value of characters inherent in the reproductive parts of vascular 
plants to serve as criteria of particular significance in their classifications. 
In the pteridophytes reproductive characters are associated in general with 
the sporangia and sex organs of the gametophyte; in the gymnosperms 
they are those of the pollen-producing and fruiting structures; and in the 
angiosperms are those of both the flowers and the fruiting structures. This 
last taxon is the most complex of all, and phylogenetically is the most 
highly developed and advanced. For these reasons great diversity and 
complexity of reproductive characters are typical of its members. Since 
the objectives of taxonomy include identification and classification, it is 
necessary to understand the composition of the flower, of the theories pur- 
porting to account for the origin of its components, and of the presumed 
evolutionary levels represented by present-day types of these components. 
The disciplines of morphology, anatomy, and paleobotany have con- 
tributed the data and the conclusions responsible for these understand- 
ings. 

Prerequisite to any basic understanding of the flower is an appreciation 
of the view that vascular plants structurally are evolved from or com- 
posed of different types of branch systems. As applied to flowering plants, 
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and on the evidence adduced from the fossil record that terminal repro- 
ductive structures were present prior to the evolution of foliaceous leaves, 
it is probable that at least 3 types of branch systems have served as 
antecedents of present-day leaflike structures (Wilson, 1941). These 3 
types are: 

(1) a branch or cluster of branches bearing terminal sporangia from which the 
stamen is descended; (2) branches which became flattened (but were never pri- 
marily photosynthetic) to become the ovule-bearing carpels; (3) sterile branches 
or branch systems which became the leaves. 

This postulate should be kept in mind when considering the conventional 
and very generally accepted theory (Eames, 1931) that “the flower 
morphologically is a determinate stem with appendages, and these 
appendages are homologous with leaves.” In other words, flowers are 
homologous with leafy stems; the pedicel and receptacle of the flower are 
homologs of the stem axis, and the sepals, petals, stamens, and pistil(s) 
are homologs of the leaves (i.e., the latter are appendages of the stem). 
If the quotation from Wilson is accepted, it becomes clear that although 
foliaceous leaves may be appendages of stems they may be presumed to 
have been evolved by the dorsiventral compression and lateral fusion of 
photosynthetic branches.^® Similar origins were postulated by Wilson to 
account for the leaflike appendages represented by the stamens and by 
the carpels. Recognition that the foliar units are fundamentally modified 
branch systems brings the contentions of some botanists that floral parts 
are of appendicular origin into complete harmony with the contention of 
others that they are of stem or branch origin. Statements to the effect that 
foliage leaves and floral elements are homologs does not mean that they 
are necessarily derived one from the other.-^ 

The flower typically is composed of the following 4 types of compo- 
nents (as arranged from the bottom of the floral axis upwards): sepals, 
collectively the calyx; petals, collectively the corolla; stamens, collec- 
tively the androecium; and carpels (the basic unit of the pistil), col- 

By “dorsiventral compression and lateral fusion of photosynthetic branches” is meant 
the flattening of presumably green terete secondary stems in a single plane with their 
posterior (inner) surfaces in a ventral (uppermost) position, and furthermore, that by 
marginal connation of adjoining edges a green leaflike organ evolved. By this view, any 
leaf is a derivative of a group of branches and because of this origin represents a highly 
modifled branch system. 

The views presented here to account for the nature and origin of the angiospermoas 
flower are believed to represent opinions of the majority. However, there are other and 
contradictory views on these matters, and for an introduction to them the reader is 
referred to the papers by Arber (1937), Bancroft (1935), and Ozenda (1949), wherein 
the opposing views are reviewed but not supported. Of these, perhaps the most widely 
publicized was Saunders’ theory of carpel polymorphism, early refuted by Eames (1931) 
and currentlj rejected by most investigators. 



66 


PRINCIPLES AND PRACTICES OF PLANT TAXONOMY 


lectively the gynoecium. The calyx and corolla comprise the perianth 
(floral envelope, perigone); neither is essential to the functioning of the 
flower as a reproductive structure. 

Perianth. The perianth is an accessory part of the flower more or less 
enveloping the organs of reproduction, and is classically treated as com- 
posed of an outer cycle or whorl (the calyx) and an inner cycle or whorl 
(the corolla). This explanation is one of extreme simplicity. The origin 
of the perianth of the modern flower is usually explained by one of two 
hypotheses. 

By one interpretation, the flower is assumed to have primitively been 
provided with a perianth of 2 cycles (one the calyx and the other the 
corolla). If it is assumed that upon phylogenetic reduction the corolla 
inevitably drops out first and the flower then becomes apetalous, the 
remaining perianth is one of sepals. On the other hand, if it is accepted 
that reduction may affect each cycle equally, and that the corolla is 
capable of assuming a sepaloid form (or the sepals a petaloid form), then 
a perianth is to be considered composed of units of undeterminable 
phyletic origin with its components termed tepals (as in many monocots). 

The second and more widely accepted interpretation treats the ancient 
flower to have been an axis bearing many foliaceous bracts in a spiral 
arrangement, and assumes that the apical ones were fertile (mega- and 
microsporophylls) and the lower ones were sterile. These sterile bracts 
were similar in appearance, with the upper ones gradiently resembling 
more closely the microsporophylls than they did the lowermost sterile 
bracts. Because of this foliaceous similarity they are designated tepals. 
From this primitive ancient condition, and in conformance with the laws 
of phyllotaxy interacting with progressive spatial restrictions (resulting 
in apparent vertical compression of the axis), there was evolved the 
modern flower. This has a perianth that is usually dicyclic (and sometimes 
jicyclic) and pentamerous, tetramerous, trimerous, or dimerous. By 
.his view, all parts of the perianth are homologous, and phylogenetically 
are tepals. The terms calyx and corolla become descriptive terms of tax- 
onomic importance, but may lack phylogenetic significance. Differentia- 
tion into calyx and corolla may and probably did take place at many 
phylogenetic levels in angiosperm evolution, and there is ample evidence 
of petaloid calyces and of sepaloid corollas. Generally speaking, charac- 
ters of the perianth are of greater significance to plant identification than 
to classification. Some apparent corollas have been derived from the 
androecium (Aizoaceae), others represent petaloid calyces (many ranali- 
aceous plants). 



PRINCIPLES OF TAXONOMY 


67 


Sepals. The sepals compose the outermost series of the components 
of the typical flower and collectively comprise the calyx. Most sepals are 
supplied by three vascular strands (traces or bundles), as are also most 
leaves, and possess anatomy like that of the leaves of the plant on which 
they appear. For these reasons, they have been considered morpho- 
logically to be bracts and to have been derived from foliaceous leaves. 
Generally they are green in color (photosynthetic) and bear a resem- 
blance to bracts or leaves. They may be distinct (polysepalous or 
aposepalous) or connate (gamosepalous or synsepalous) or in some fam- 
ilies be reduced to modified hairs or scales and referred to collectively 
as a pappus.22 Sometimes they are highly colored and petallike (Del- 
phinium, Helleborus, Mirabilis), 

Petals. The petals compose the second series, or inner envelope, of the 
perianth (i.e., the corolla). Morphologically and anatomically they are 
more often like sterile stamens than they are like leaves. Evidence for 
this view is based on the presence (in most petals) of a single vascular 
strand, a characteristic also of most stamens. Usually the petal is colored 
other than green (nonphotosynthetic) and contributes to the showiness 
of the flower. It has been considered that corollas of distinct petals are 
more primitive than those whose petals are marginally connate, and this 
situation has been accorded much significance in classification schemas. 
However, Hutchinson (1948), who accepted polypetaly (apopetaly) as 
more primitive than gamopetaly (sympetaly), rejected the view that these 
two criteria were of sufficient phyletic importance to separate orders of 
plants into two subclasses (Polypetalae and Gamopetalae). The criteria 
were treated by him to be of minor phyletic importance. Terms used in 
describing the shape, texture, and disposition of perianth parts are the 
same as are used in describing similar parts of leaves. 

Stamens. The stamen is the male reproductive organ of the flower. 
Collectively the stamens comprise the androecium. The stamen is conven- 
>donally treated as composed of an anther (the pollen-producing element) 
and a filament (the stalk). The more recent views of Wilson (1941), 
based on anatomical studies of the androecium of the Parietales and 

See footnote 38 (p. 84) for explanation of the terms distinct and connate. 

Many taxonomists assume the pappus of the Compositae flower to represent in all 
genera a reduced and modifled calyx. Studies by Koch (1930) of the floral anatomy in 
the Compositae indicated that the calyx and corolla of some ancestral types had fused 
to form the corolla of some present-day members. In those members of the family 
where this has been suggested the pappus is presumed to be bracteate in origin. This 
latter view also provides plausible explanation for the origin of the apparent double 
pappus encountered in many genera of the family, in which situations the inner one may 
or may not be a modifled calyx and the outer one perhaps derived by modifleation of 
bracts. 
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Malvales, differ in some respects from the perhaps better-known classical 
theories of androecial origins as presented originally by Goethe and by 
de Candolle (1813). The older theories treated the stamen as a sporo- 
phyll, a fertile homolog of the foliaceous leaf, whereas by Wilson’s view 
it was treated as a direct derivative of a primitive branch system bearing 
terminal sporangia, that is, a branch system that did not pass through 
any stage of dorsiventral compression in its phyletic development. In 
amplifying this premise, Wilson further considered that 

A hypothetical primitive stamen may be conceived, in which a relatively long 
shank, or axis, itself an arm or limb of a dichotomy, is terminated by a system of 
dichotomously-divided branches, each ultimate branchlet bearing a single spo- 
rangium. By reduction of the two most remote dichotomizing branches, with the 
resultant fusion of pairs of sporangia, an anther of two synangia each composed 
of two sporangia may be derived. . . . The evolution of anthers, two-celled at 
maturity, but four-celled in ontogeny, probably took place very early in the evolu- 
tion of the Angiosperms. 

... it may be concluded that in those flowers with numerous stamens, . . . 
the stamens represent not primary organs or sporophylls of the flower, but the 
apices of branch systems, the bases, or many branches of which, have dropped out 
in the course of evolution. The presence of a few and fixed number of stamens is 
then to be regarded as a modification of the condition obtaining in the flower with 
numerous stamens, each stamen representing the reduction of an entire branch 
system. 

This view of the origin of the stamen is pertinent also to any considera- 
tion of the origin of the petal of most petaliferous families, since the 
petals are generally conceded to have been evolved from stamens. The 
stamens and petals of most flowers are supplied by a single trace, but in 
members of several families (including the Magnoliaceae and Lauraceae) 
each stamen is supplied with 3 traces, evidence of a primitive staminal 
condition in these representatives. It was postulated by Wilson that the 
staminal tube present in monadelphy (monadelphous stamens being 
those whose filaments are fused laterally into a cylinder, as in the holly- 
hock) is the “result of fusion of several branch systems” and is indica- 
tive of a primitive androecial condition. 

If the above hypotheses are accepted, monadelphous stamens are 
among the more primitive, diadelphous stamens slightly more advanced, 
while those groups having stamens clustered in fascicles are more primi- 
tive than distinct stamens. Among the groups with androecia of distinct 
stamens, those with stamens numerous would be considered more primi- 
tive than those with stamens few and definite in number, and androecia 
reduced to a single stamen would be the most advanced of all types. 

It is significant that angiosperm families now generally conceded to be 
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the more primitive (Magnoliaceae, Ranunculaceae) have numerous sta- 
mens that are spirally arranged. Furthermore, since the stamens are dis- 
tinct and free, it is to be presumed (in accordance with Wilson’s findings) 
that they represent emerging branch tips of complicated branch systems. 
The spiral arrangement of floral parts has been accepted as a condition 
more primitive than that of whorled arrangement. A study of androecial 
types indicates that the views of Wilson are not necessarily contradictory to 
the classical concept that spirally arranged stamens are more primitive than 
whorled stamens. Wilson has attempted to account for situations where 
there exists a reduction in the number of stamens (per unit branch of 
the androecium). This reduction would appear to be an independent 
line of advance from that represented by the reduction from the spiral 
to the whorled arrangement. There is anatomical evidence that (1) 
some present-day stamens, superficially simple, are individually the rem- 
nants of much reduced (and usually dichotomous) branch systems (e.g., 
in the Melastomaceae), (2) within some orders of plants monadelphy 
preceded polyandry (e.g., Malvales), and (3) that in some admittedly 
primitive orders the androecium of present-day plants is represented by 
tips of emerged branch tips disposed in a high phyllotaxy (i.e., spirally 
arranged, as the stamens in Magnoliales and Ranales). The fossil record 
produces no known barrier to the view that each of these 3 manifesta- 
tions may have arisen independently. Each of the 3 may represent lines 
of androecial evolution whose phyletic significance can be evaluated 
only in relation to other phyletic criteria. A taxon accepted to be ad- 
vanced, as determined by an aggregate of characters, may possess an 
androecium of a presumed primitive type (as in Malvaceae). 

Relatively few families are characterized by having spiral stamen 
arrangements (Fig. 4 Aa), and in the majority of families the stamens 
are whorled (Figs. 4 Ab-Ad). Families with a generally fixed number 
of whorled stamens usually can be divided into those whose stamens are 
in two whorls or are in a single whorl. Presence of a single whorl is 
considered the more advanced condition because, in most instances, the 
anatomical evidence has shown that the second (and inner) whorl of 
stamens that were present in their ancestral types has since been lost by 
suppression or by reduction. In some taxa, the remnants of this second 
whorl can be recognized as staminodes or nectaries, or as additional 
petals. The order or sequence in which stamens develop is of taxonomic 
importance, especially in an androecium of many stamens. In most 
families development is centripetal (the outer ones developing before the 
inner, sometimes described as acropetal) but in others it is centrifugal 
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(basipetal).23 This distinction indicates relationships between groups of 
one type or the other, and the opinion is held (Corner, 1946) that “the 
primitive massive, centrifugal androecium must have been derived from 
the usual centripetal state.” 

In addition to the presumed phyletic significance and origin of stamens 
as discussed above, there are numerous other characteristics associated 
with them that are of significance especially in the taxonomy of minor 



Fig* 4. Androecium and stamen types. A, androecium types: Aa, stamens spirally ar- 
ranged; Ab, stamens in three whorls; Ac, .stamens in two whorls, those of outer whorl the 
shorter (diplostemonous); Ad, stamens in a single whorl (dehiscence introrse). B, anther 
cell number: Ba, cells four at anthesis; Bb, same, cross-section; Be, cells two at anthesis; 
Bd, cell one at anthesis. C, anther dehiscence types: Ca, longitudinal; Cb, transverse; 
Cc, valvular flaps; Cd, apical pores. D, anther position: Da, basiflxed; Db, dorsiflxed 
and versatile; Dc, dorsiflxed, not versatile (dehiscence extrorse). 

taxa. The anther of the typical stamen at maturity (anthesis) is composed 
of two thecae (actually each theca at time of anthesis represents two spo- 
rangia, the theca often termed a cell or chamber) separated from one 
another by an extension of the filament passing between them (connec- 
tive). Fundamentally the anther is of 4 thecae, but the septum between 
the two adjoining ones situated on the same side of the connective usually 
disappears during the late ontogenetic development of the anther and 
prior to anthesis, although in a few taxa (as Lauraceae) the septa persist 
and the anthers are then 4-thecate at anthesis. In some families (Mal- 
vaceae, some Bombacaceae) the anther has a single theca, a situation 

Corner (1946) cited the following families as characterized in part by having 
centrifugal androecia: Actinidiaceae, Aizoaceae, Bixaceae, Cactaceae, Cappa? idaceae, 
Dilleniaceae, Hypericaceae, Loasaceae, Lecythidaceae, Malvaceae. Paeoniaceae, Theaceae, 
Tiliaceae. 
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shown by Wilson to be due to “the fusion of two neighboring sporangia 
into single synangia.” The anther is fundamentally an organ that is 
terminal on the filament and when so it is said to be basifixed, A more 
advanced situation is present when the anther appears to be attached 
dorsally to the filament and is then said to be dorsifixed, and when 
dorsifixed it is sometimes versatile (Fig. 4 D) . The anther cell (theca) de- 
hisces typically by a vertical or longitudinal split, but in more advanced 
situations the dehiscence may be transverse (Hibiscus, Elatine) or by a 
pore (Polygalaceae, most Ericaceae). In some families the connective be- 
tween the thecae becomes highly developed and appendaged, even to the 
f\xtcnt (in Cannaceae and Marantaceae) of being petaloid and showy. The 
nndroecium is said to be syngenesious when its anthers are connate mar- 
.‘^inally. The anthers of syngenesious androecia ordinarily (in Campanu- 
laceae spp., Compositae) form a cylinder through which the style or 
stigmas pass, but sometimes (in some Gesneriaceae) the syngenesious 
anthers are dissociated and remote from the style (see Fig. 317e). 

In the development of the anther there are produced in the pollen sac 
many usually rounded cells termed pollen mother cells. Four pollen 
grains usually are formed from each of these. Pollen grains are of differ- 
ent morphological types and are receiving increasing recognition as a 
source of valuable taxonomic characters. The outer membranous coat 
of the pollen grain is cuticular in composition and is termed the exine. 
Often it is formed into various kinds of sculptured surfaces (furrowed, 
papillose, honeycombed, echinate, etc.) that are characteristic of par- 
ticular taxa. Pollen grains that are free from one another are said to be 
granular. Sometimes the pollen grains are in clusters of 4, tetrads (as in 
many Ericaceae), but in at least two families (most Asclepiadaceae, 
Orchidaceae) the pollen of each anther sac is agglutinated into usually 
waxy to firm masses called pollinia. Pollen grains are often of value in 
distinguishing possible or suspected hybrids from nonhybrids, since the 
pollen of some hybrids is nonviable and is shrunken and nonturgid in 
appearance.-^ 

A conspicuous modification of the androecium is the reduction of one 
or more stamens to sterile structures termed staminodes. These may 

24 Viable fresh pollen grains (of nonhybrid origin) contain an abundance of chromat?ifi 
material. Smears or smashes of such pollen are stained readily with aceto-carmine 
solution or aniline (cotton) blue, and an indication of possible hybridity may be demon- 
strated if the stained smears of pollen of suspected hybrids fail to take on any of the 
stain. The technique and interpretation of the findings require skill and experience. A 
magnification of X 120 is generally adequate in the application of this preliminary test. 
It is emphasized that this test may only indicate possible hybridity and /esults should 
never be interpreted as presumptive of hybridity. 
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appear as a filament minus an anther (Penstemon), as expanded petal- 
like structures (members of the Aizoaceae, in Canna), knobbed glandu- 
lar^ocesses (many orchids), or in the form of a nectary (Loasaceae). 

^/Some groups of plants are pollinated almost exclusively by wind and 
are described as being anemophilous. Others are pollinated largely by 
animal vectors, particularly by insects, and are said to be entomophilous. 
There has been considerable discussion over which of these conditions 
is the more primitive, and some of the basis for divergent views may be 
due to the probability that some of the present-day anemophilous plants 
perhaps have evolved from ancestors that were entomophilous, and that 
the latter in turn were from anemophilous prototypes. It is probably not 
possible to say that one of these conditions of itself is more primitive 
than the other, but the presence of one or the other may indicate relation- 
ships in particular cases. 

Carpels. The carpel is the basic foliar unit of the female reproductive 
organ of the angiosperm flower. It is an ovule-bearing structure evolved 
from what is currently and generally accepted to have been a nonphoto- 
synthetic foliar leaflike appendage, and as such was a megasporophyll. 
This nongreen leaflike appendage is believed generally to have had a 
development parallel with that of the foliage leaf. It is not believed to 
have been derived from a foliage leaf. When solitary in the flower, the 
folded carpel and its stigmatic surface are better known taxonomically as 
the ovary and stigma. These two structures (ovary and stigma), plus the 
style (or styles) when present, comprise the pistil. The term carpel some- 
times is used in taxonomic works in instances where the term pistil is 
the more common.^® The two terms are not always synonymous. The 
ovary of a pistil may be unicarpellate or it may have been formed by the 


There is no unanimity of op'nion concerning the definition of the term pistil. Some 
taxonomists, and many morphologists, consider the term a source of confusion and 
abandon it. In its place they apply the term carpel to all unicarpellate organs and 
gynoecium to all multicarpellate female elements within a single flower (the latter use, 
irrespective of the number of free ovaries present). Basis for this view lies in the con- 
tention that the term pistil has been applied variously during the years of descriptive 
botany. These reasons for rejection of the term pistil are considered untenable and use 
of the term is defended, on the grounds that to a taxonomist (working primarily with 
macroscopic organs) 3 basic terms are needed to discuss the essential features of the 
female element: (1) the megasporophyll or foliar element, (2) the gross structure repre- 
sented by a single ovary with its style (or styles) and stigma stigmas), irrespective 
of the number of foliar elements entering into its composition and of the freedom or 
fusion of those elements, and (3) the female element or household of the flower in toto, 
irrespective of the number of free and distinct ovaries involved. The 3 terms that meet 
these taxonomic needs are, respectively: carpel, pistil, and gynoecium. As defined above, 
the term pistil is neither ambiguous nor confusing. It is used by current taxonomic 
workers and was used (among others) by Linnaeus, Ludwig, Mirbel, St. Hilaire, 
dc Candolle, Robert Brown, Hooker, and Asa Gray. 
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union of more than one carpel. Another term applied to the pistil is 
^ynoecium, a collective term for the female element of the flower irre- 
spective of whether it is represented by one or by many pistils (Fig. 5 a-c). 

The gynoecium provides many taxonomic characters of major signifi- 
cance. In order to have a clearer comprehension of the importance of the 
gynoecium and of the phyletic values ascribed to its components, it is 
desirable to know something of the morphological theories proposed to 
account for its origin and types. The most deeply entrenched and widely 



Fig. 5. Gynoecial types: a, pistils many and spiralled, the gynoecium apocarpous; b, pistils 
many and whorled (cyclic), the gynoecium apocarpous; c, pistil solitary, the gynoecium 
syncarpous; d, pistil one, ovary compound; e, same, ovary vertical section; f, same, ovary 
cross-section; g, same, style apex and 3-lobed stigma; h, pistil one, ovary simple; i, same, 
vertical section; j, same, ovary cross-section; k, same, style-tip and simple stigma. 

accepted theory for the origin of the carpel is the Candollean or appen- 
dicular theory. It was first proposed by Goethe (1790),-® amplified by 
de Candolle (1827), revised and supported by van Tieghem (1871), 
and more recently defended on the basis of detailed anatomical studies 
by Eames (1931), Arber (1937), and others.^’' The fundamentals of 
this theory are that the antecedent of the carpel (and of which no living 
examples exist) was a nonphotosynthetic foliar appendage, probably a 
leaflike palmately 3-veined dorsiventral structure supplied with 3 vas- 
cular strands or traces. Functionally it is believed to have been originally 

By Goethe’s concept, the primitive carpel was held to be a green photosynthetic 
leaf bearing marginal ovules, a view not now accepted. 

2"^ Three current theories held in opposition to this view are to the effect that: (1) 
carpels have originated from the floral axis and are axillary organs, (2) all floral organs 
are structures that always have existed, as organs sui generis^ and (3) carpels do not 
exist at all (acarpy), a theory advocated by Thompson. 
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an open flat megasporophyll bearing ovules on its margins (Fig. 6a), 
and to have folded lengthwise with the ovules inside and margins fused 
(Fig. 6c). The resultant structure is a unicarpellate, 1-loculed ovary. 
It is the product of a single carpel, and is termed a simple ovary. Only 
one carpel (i.e., only one foliar unit or megasporophyll) contributed to its 





Fii?. 6. Hypothetical evolution of simple and compound ovary, a, three-lobed carpel with 
submarginal ovules; b, same, somewhat involute; c, simple ovary derived from “b” by in- 
folding of ovules and connation of ventral margins; d, axis bearing three involute open car- 
pels; e, compound ovary derived from “d” by connation of edges of adjoining carpels; f, 
axis with three open caipels with adjoining sides more or less parallel; g, compound ovary 
derived from “f” by connation of adjoining sides and margins; h, cross-section of “g" 
(hypothetical); i, cross-section of “g” (actual) showing loss of carpellary demarcation in 
the three septa. (Note: vascular strands shown with xylem elements blackened.) 


formation. In the cross-sectional view of a simple ovary (Fig. 6c) note 
the locations of the midrib and the two marginal veins of the carpel, ob- 
serving that the latter are in a relatively close proximity to one another 
and furthermore that the two rows of ovules (indicated diagrammatically 
in the expanded" carpel) are so close together within the simple ovary as 
to appear almost as if in a single row. The zone or area occupied by this 



PRINCIPLES OF TAXONOMY 


75 


row of ovules is the placenta. Examples of this type of ovary are to be 
found in the Leguminosae and many Ranunculaceae. Unlike the situa- 
tion in animal anatomy, the angiosperm placenta is not a particular kind 
of tissue. It is the place where the ovules are attached.-^ A simple ovary, 
inasmuch as it is the product of a single carpel, always has a single 
placenta. Furthermore, the single placenta of a simple ovary is parietal 
in position (i.e., it always is attached to the side of the locule wall, or 
to an intrusion of the side wall into the locule) 

Placentation types. In many plant families the gynoecium is com- 
posed of several to many simple pistils (i.e., pistils each with a simple 
ovary) as in most of the Ranunculaceae. This type of gynoecium is cur- 
rently believed to represent a primitive phyletic condition. Jt is from 
such a gynoecium, or from types ancestral to it, that the compound ovary 
is believed to have developed. A compound ovary is any ovary comprised 
of two or more carpels. If, perhaps by compression and fusion of adjoin- 
ing ovarian tissues, several simple pistils are connate (grown together), the 
result is a single pistil of several carpels. Figure 6g~h is a diagram of 
the ovary of such a pistil. Note that fusion is incomplete in that the 
midrib and marginal veins of each of the 3 carpels are indicated. The 
placental areas of each of the 3 original simple ovaries are shown to be 
converged about an imaginary central axis. By the fusion of the 3 sets of 
walls of as many adjoining simple ovaries, the resultant compound ovary 
is one of 3 locules, each with a row of ovules in the axil formed by the 
septa (Fig. 6i). The placentation of this type of compound ovary is said 
to be axile, since the ovules are on the central axis which has been formed 
by the fusion of the carpel margins.*"^^ Any ovary having axile placenta- 

2® In some plants (as the tomato, Lycopersicon, or in Epigaea) the cells of the placental 
area proliferate and form a prominent tissue mass that extrudes into the locule and is 
properly referred to as the placenta or placental zone. See Fig. 273. 

Some botanists designate this placental condition as marginal or ventral, pointing 
out correctly that it differs from the parietal placentation of a syncarpous (i.e., com- 
pound) ovary in the placenta representing two connate margins of the same carpel and not 
the connate margins of two adjacent carpels. This distinction is phyletically important but 
is not always apparent from macroscopic examination common to taxonomic study (for 
example, only by knowledge of floral anatomy or comparative morphology can one 
identify a unilocular ovary with a single placenta and seemingly with marginal placenta- 
tion, to be a tiicarpellate ovary derived by reduction from an ancestral form that was 
trilocular with axile placentation). Parietal is accepted here as a descriptive term, appli- 
cable to any placenta situated on the ovary wall or an intrusion of that wall. 

Axile placentation is the result of the union of carpel margins at the center of the 
ovary. The term axile indicates merely that the ovules are situated in the axil of two 
adjoining septa. It should be understood clearly that in axile placentation no true axis 
or stem is present in the central column, that there is no stelar tissue involved (in 
Pyrus and Cydonia the stem tip may extend a short distance up between the carpels). It 
is believed that the ovules of all angiospermous ovaries are always of foliar and never 
of cauline origin. 




Fig. 7. Presumed evolutionary development of ovary and placentation types. A: tri- 
locular ovary with axile placentation, derived as shown in Fig. 6; Aa, schematic view of 
ovarv; Ab, cross-section of same showing carpellary vascularization (xylem elements 
blackened). B, intermediate stage between “Ab” and “C,” note partial loss of septa and 
retention of ventral vascular strands (each adjoining pair fused resulting in a reduction 
of six strands to three). C: unilocular ovary with free-central placentation, derived from 
''Aa”; Ca. schematic view of ovary; Cb, cross-section of same, differs from “B” only in 
complete loss of septation. D, compound ovary with basal placentation, derived from “Ca” 
by reduction of central placentae. E, compound ovary with single basal ovule, derived 
fiom “D” by ovule reduction. F, cross-section of unilocular tricarpellate ovary with 
parietal placentation, derived from “Ab.” G, same as “F” but septa reduced. H, advanced 
stage of “G” (no placental intrusion). I: hypothetical primitive situation of axis with 
three open carpels; la, schematic view; Ib, cross-section of same. J, compound ovary 
(unilocular, tricarpellate) with parietal placentation, derived by connation of adjoining 
carpel margins. K: compound ovary with parietal placentation, derived from “J”; Ka. 
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tion (irrespective of the number of locules) is always a compound ovary 
because it is one that has been formed by the connation of two or more 
carpels. It is composed of as many carpels as it has placentae, and each 
carpel is usually represented by a locule. 

A simple ovary typically has parietal placentation_(Fig. 6c). This 
same apparent placental type may occur in a compound ovary and by 
one of at least two evolutionary lines of development. Presumably it could 
have arisen from a gynoecium of open and incurved carpels standing in 
close proximity to one another and which became fused together mar- 
ginally. Figure 7Ia indicates diagramatically such a situation involving 
3 carpels. A single pistil results from the marginal connation of these 
carpels. It is a pistil that has a compound ovary of 1 locule and 3 parietal 
placenta. Note that each placental area is formed from the union of two 
adjacent carpel margins, each bearing a row of ovules and that the midrib 
of each carpel stands about midway between the placentae. The second 
line of evolutionary development believed responsible for some examples 
of parietal placentation in multicarpellate ovaries is that derived from an 
ovary having axile placentation. Figure 7A-7H illustrates this situation. 
In this hypothetical instance, a 3-carpelled and 3-loculed ovary gives rise 
to a 3-carpelled unilocular ovary by separation of the 3 central placental 
zones and their recession to or toward the ovary walls. The number of 
carpels remains the same, but the placental position is changed from 
axile to parietal, and when the 3 locules open into each other a single 
locule results. It is usually true that an ovary with parietal placentation, 
irrespective of the number of carpels, is an ovary of a single locule.^^ In 
many compound ovaries of this type, the placentae are not restricted to 
the inner periphery of the ovary wall but are on intrusions of the ovary 
wall (Fig. 7G) or (as in Coptis or Gentiana spp.) are on the inward- 
projecting free margins of the carpel or of adjoining carpels. By some 
authors this placental condition is termed falsely parietal, but macro- 

One exception to this occurs in the ovary of members of the family Cruciferae, 
where the ovary is normally 2-loculed and 4-carpelled with the ovules attached parietally 
along one or both peripheral margins of the commissural sides of two of the carpels. 
(See Fig. 152.) 


schematic view of ovary; Kb, cross-section of same (note union of adjoining ventral 
carpellary strands and compare xylem orientation with that shown in “F,” the latter pre- 
sumed the more advanced condition). L: compound ovary with parietal placentation, 
derived from ‘*K” (note absence of intruding carpellary margins); La, schematic view 
of ovary; Lb, cross-section of same (compare normal xylem orientation of ventral 
strands with reversed positions in “H,” the retention of each pair of strands in ^‘Lb” a 
less advanced situation than the fusion of them as shown in “H”). M, compound ovary 
with basal placentation, derived by placental reduction of “H” or of “La.” N, compound 
ovary with single basal ovule, derived from “M” by ovule reduction. 
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scopic examination of a given ovary seldom affords a means of determin- 
ing clearly between truly parietal and falsely parietal. The distinction is 
of morphological and phyletic significance, but is of little taxonomic use 
in ordinary identification procedures. 

A third basic type of placentation within a compound ovary is that 
known as free-central placentation (see Fig. 7Ca). It is generally agreed 
that this type has been evolved from the axile type of placentation by 
the persistence of the central column and its placentae and the disappear- 
ance of the partitions, or septa. There is evidence that, in a few genera 
having free-central placentation (e.g., Primula), the axis on which the 
ovules are borne is comprised of carpellary tissue into which extends 
stem tissue for a short distance, the latter representing the extension of 
the stele from the subtending pedicel. An ovary with free-central placen- 
tation always has a single locule, but is composed of two or more carpels 
^ind hence is always a compound ovary However, since the placental 
>:ones are closely appressed laterally about the axis and usually without 
any line of demarcation between them, it is necessary to resort to other 
means, as indicated below, to determine or approximate the carpellary 
number. 

The reduction of the central axis in the free-central type of placenta- 
tion to a nubbin terminated by a single ovule produces a type designated 
as basal placentation, and taxonomically this comprises a fourth type of 
placentation.^^ In its extreme form, none of the central axis remains and 
the ovule appears as if on the floor of the locule. In other instances, the 
situation where the number of apparently basal ovules is more than one 
(usually 2 to 4) represents a condition believed to have been derived 
from axile placentation types or, in unilocular ovaries this probably has 
come through the free-central stage (cf. Figs. 7D and 7E). Taxonomists, 
in descriptions and keys, generally refer to them as basal when no axile 
condition is macroscopically apparent. A uniovulate placentation in 
some instances has been derived from parietal placentation of a multi- 
carpellate ovary (Gramineae, Compositae) or of a unicarpellate ovary 
(as in some Ranunculaceae or Rosaceae). Because of these two derivations 
of a uniloculate 1-ovuled ovary, it is apparent that although the uniovulate 

^^The central column consists of a placental mass of proliferated tissue composed 
of as many fused placentae as there are carpels. The number of placentae contributing 
to this mass is usually not evident, but is strikingly so in some genera of Caryophyllaceae 
and in a few genera of Primulaceae. 

A fifth type is that known as lamellate placentation, occurring when the placental 
area and its ovules covers one or more broad, flattened, and usually lamellate surfaces 
which may be peripheral or represent platelike septa (as in Vapaver, Nuphar, Nymphaea, 
and Butomus). 
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ovary appears to be simple, it may represent a highly advanced condition 
and may be a simple or a compound ovary (cf. Fig. 7N). The pendulous 
ovule, characteristic of some uniovulate ovaries, usually represents a 
reduction from parietal placentation but may have been derived fronj 
axile placentation (as in some Caprifoliaceae). 

Taxonomically, these types of placentation provide characters of con- 
siderable significance and utility. Very often they are indicators ot 
phyletic relationship between and within major groups. They are charac- 
ters that frequently are employed in analytical keys, especially in keys to 
families. It is important to be able to differentiate and recognize the 
different types, and to have an intelligent concept as to their relative level 
of development from the primitive simple ovary with its parietal (or mar- 
ginal) placentation, to the extreme degree of reduction represented by 
the uniloculate 1-ovuled simple or compound ovary. Occasionally it is 
desirable to know the number of carpels represented in an ovary. Accu- 
rate determination of carpellary number frequently requires microscopic 
study of a series of microtome sections, and in many instances may even 
then be determined only by comparative studies. However, the number of 
styles, stigmas, or stigma branches or lobes of a pistil often serve as 
indicators of the number of carpels present. In general, if the number of 
any one of these features is two or more, it may be assumed that the ovary 
bearing them is a compound rather than a simple ovary. An ovary of two 
or more complete locules is always compound. An ovary of a single 
locule is simple only if it has a single parietal zone of placentation and is 
comprised of a single carpel. 

Ovary position. The position of an ovary is referred to as being 
superior, inferior, or half inferior. A superior ovary is one that is situated 
above the point of attachment of perianth and androecium. An ovary 
whose position is superior is considered to represent the primitive posi- 
tion. An inferior ovary is one situated below the apparent point of attach- 
ment of the perianth and androecium. An ovary whose position is half 
inferior (or subinferior) is more or less intermediate between these two. 
(For diagrams of these types, see Fig 8.) 

There are two theories to account for the evolution of the inferior from 
the superior ovary, and in some instances the situation is explained only 
by accepting views from each of them. In a typical angiosperm flower the 
5 whorls or series of components (calyx, corolla, two whorls of stamens, 
and the gynoecium) are borne on an axis called the receptacle or torus 
(Fig. 8A) . The older and perhaps until recently the more widely accepted 
theory proposed to account for the derivation of the inferior ovary from 
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the superior is the receptacular theory, by which it was concluded that 
the inferior ovary is embedded in or surrounded by a tube or cup of 
receptacular tissue. By this theory it was held also that in those flowers, 
whose ovary is superior, but surrounded by a cuplike or cylinderlike tube 
called the hypanthium (more commonly and inaccurately termed the 
calyx tube and by some morphologists called the floral tube) (Fig. 8B 
and F), the hypanthium itself is of receptacular tissue (Fig. 8Ca). Ana- 
tomical studies of a wide range of materials by Fames (1931), Jackson 
(1934), and MacDaniels (1937) indicated that, for the majority of 



Fig. 8. Ovai^ position. A, ovaiy superior, perianth and stamens hypogynous; B, ovary 
superior, perianth se^ents and stamens perigynous; Ba, vertical section; Bb, detail of 
Ba to show composition of hypanthium; t>c, same, minus lines of adnation of perianth 
and androecium; C, ovary superior, perianth and stamens perigynous, hypanthium of 
“Rosa” type; Ca, vertical section; Cb, detail to show relation of receptacular cup to 


of same to show adnation of hypanthium to ovary; F, ovary inferior, hypanthium present, 
perianth and stamens epigynous; Fa, vertical section of flower; Fb, detail to show com- 
onents of hypanthium; Fc, section of hypanthium; G, ovary inferior, stamens exserted, 
ypanthium present, (h hypanthium, pe petal, r receptacle, se sepal, st stamen.) 


hypanthium and composition of latter; D, ovary half-inferior, stamens peri] 
ovary inferior, perianth and stamens epigynous; Ea, vertical section of flower; 


ynous; E, 
Eb, detail 
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flowers possessing inferior ovaries, or ovaries within an hypanthium, the 
tissues previously believed to have been receptacular in origin are formed 
from the fusion of the foliar or appendicular units, as represented by 
perianth parts and stamens (Fig. 8E). This fusion represents a phylo- 
genetic, and not an ontogenetic, phenomenon. 

The second, and more widely accepted, of the two theories is known as 
the appendicular theory. By this view, it is held that the hypanthium 
that may surround the superior ovary, and the tissues that are adnate to 
the inferior ovary, are homologous in most cases and are components 
of the flower (i.e., they are appendicular in origin) and are not of the 
axis, receptacle, or torus. In most instances (an exception being the 
Santalaceae and Calycanthaceae), no stelar tissues are found in the 
hypanthium, irrespective of whether it be free or adnate to the ovary. 
In the genus Rosa it has been established that only the upper part of the 
hypanthium is appendicular in origin, for it was shown by Jackson (1934) 
that the basal half or less has resulted from the peripheral extrusion of the 
apex of the floral axis (receptacle).^^ There is ample evidence that the in- 
ferior ovary of present-day plants represents two lines of evolution- 
ary development: (1) the usual situation represented by adnation of foliar 
elements (calyx, corolla, androecium) to the ovary wall and (2) the un- 
common condition represented by a depression and peripheral extrusion 
of the receptacle with the latter surrounding and adnate to the ovary. On 
the basis of recent studies, made independently by several workers, it is 
now generally accepted that while the inferior ovary represents an ad- 
vanced condition derived from the superior ovary, “epigynous and perigy- 
nous flowers differ in no essential respect from the hypogynous condition; 
the inferior ovary is, in most cases at least, appendicular in origin, not 
receptacular.” (Wilson and Just, p. 103.) 

Most phylogenists have placed much emphasis on the phyletic signifi- 
cance of ovary position, and to the extent that families have been classified 
in orders largely on the basis of this character. It is also true that the 
orders composed of families that are characterized by both types of ovary 
position have been grouped together in most classifications. In general, 
the ovary position provides a character of considerable reliability, al- 
though intergradation occurs between all three ovary position types in a 
few genera and families. 

Flower types. Modern taxonomy demands an understanding of the 
morphological composition of the flower. Descriptive taxonomic litera- 

^'‘For a review of the pertinent literature, see Wilson and Just (1939) and Douglas 
(1944). 
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ture is predicated on an understanding of the various types of flowers 
as indicated by gross morphology, and a knowledge of flower types is 
essential to satisfactory use of keys and descriptions available in floras 
and manuals of vascular plants. Many of the floral conditions indicated 
below are of little phyletic significance, and often are less reliable than 
is indicated by their extensive use by many authors. In addition to 



Fig. 9. Flower types and arrangement: a, flower staminate (perianth uniseriate); b, flower 
pistillate (perianth uniseriate); c, flower bisexual (perianth biseriate and corolla poly- 
petalous); d, flowers unisexual (plant monoecious); e, flower actinomorphic or regular: 
f flower zygomorphic; g, flower irregular; h, flower gamopetalous. 

knowing these floral types, one should endeavor to grasp some compre- 
hension of their relative constancy and reliability for use in the char- 
acterization or differentiation of taxonomic units. 

Distribution of sexes. A flower represented by the two perianth series, 
the androecium, and the gynoecium, is a complete flower, one lacking 
the perianth series but possessing both sex elements is an incomplete 
Qower, but since it possesses both kinds of sex elements it is termed a 
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perfect flower and (with or without the perianth) often is referred to as 
bisexual or hermaphroditic, A flower lacking the organs of one sex is an 
imperfect flower and is unisexual (Fig. 9a, b). Irrespective of the perianth 
situation, a unisexual flower possessing only an androecium is a stami- 
nate flower, while one possessing only a gynoecium is a pistillate flower. 
Some species of plants characterized by unisexual flowers have the 
staminate flowers restricted to one plant and the pistillate flowers re- 
stricted to another. Such plants are dioecious (e.g., Salix, Myrica, Garrya, 
most spp. of Fraxinus) . In other unisexually flowered taxa the pistillate 
flowers and the staminate flowers are on the same plant (Fig. 9d). Such 
a plant is monoecious (e.g., Zea, Betula, Pinus, Euphorbia) Some 
plants are characterized by the presence of both bisexual and unisexual 
flowers in the same inflorescence or on different parts of the plant. Such 
inflorescences or plants are said to be polygamous (e.g., many members 
of the Compositae). A derived condition is that existing when a plant is 
functionally dioecious, but has scattered throughout its inflorescences a 
few perfect flowers (e.g., some spp. of Ilex, Celastrus, Acer, Rhus), Such 
plants are said to be polyf^amodioecious, 

^ The primitive type of flower is postulated by most modern morpholo- 
gists to have been a complete flower, that is, it was composed of a perianth, 
androecium, and gynoecium. Any situation where one of these floral 
components is missing is considered to represent a derived or advanced 
condition. For example, a case of phyletic advancement is indicated by 
the suppression or reduction of parts, as when stamens are represented 
by staminodes (which may be nectiferous, petaliferous, or filamentous) 
or when the gynoecial elements are represented by pistillodes. The reduc- 
tion may have taken place within all of the androecial elements (in which 
case the flower is unisexual and pistillate) or to have affected only some 
of the stamens of the flower. Likewise, it may have affected some or all 
of the carpellary elements of the gynoecium. In a few cases, both sex 
organs have becdine suppressed or reduced to a point of being wholly 
nonexistent or at least nonfunctional, with the floral axis terminated only 
by the perianth parts. Such a structure morphologically is not a flower. 

In some works Tc.g . Gray’s M'tnual, cd. 7) staminate flowers are designated neutral 
since they are incapable of producing seed. However, as explained on p. 84, the term 
neutral is reserved for flowers lacking any sex element. 

Many authors have misapplied the terms dioecious and monoecious to flowers 
rather than restricting them to plants. However, if one holds a single unisexual flower 
in hand, it is not possible to determine from examination of it whether dioecism or 
monoecism exists; one must know the character of all the unisexual flowers on the 
plant to determine which condition exists — ^hence the term applies to the plant, or to the 
taxon, and not to the flower. 
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since it contains no reproductive elements, but in descriptive taxonomic 
literature is termed a neutral or sterile flower (e.g., some of the flowers of 
some spp. of Hydrangea, Viburnum, or Compositae). 

Disposition of perianth parts. The arrangement of perianth parts 
in a spiral and without sharp demarcation between calyx and corolla 
usually is considered the most primitive (e.g., Magnolia, Nymphaea, 
Nelumbo). If one looks down on an open flower of this type, one notes 
a symmetry of perianth parts, and it is apparent that such a perianth can 
be bisected in two or more planes and into similar halves (as, for example, 
one can cut a pie into two equal halves from any selected point of the 
circumference). Such a perianth is actinomorphic or regular.^’’ Flowers 
with perianth series in whorls rather than spirals may, with equal preci- 
sion of application of the terms, have actinomorphic or regular perianths 
(Figs. 9c, 9e). Sometimes the corolla may be actinomorphic and the 
calyx not so, or the reciprocal condition may be present. In other plants 
the perianth parts, or segments, are so disposed that the floral envelopes 
may be bisected only along one diameter or in one plane (e.g., in Orchi- 
daceae, papilionaceous Leguminosae, most Labiatae). These perianths 
are zygomorphic (Fig. 9f). In a few groups the perianth, or its parts, is 
of such disposition that it is not possible to bisect it into two like parts, 
and it is said then to be irregular (Fig. 9g). Generally speaking, the term 
irregular is more often applicable to flowers than to perianths (e.g., in 
Canrui or Zingiber aceae). 

Fusion and modification of perianth parts. The primitive situa- 
tion of perianth parts has until recently been accepted to be that of 
distinct and free®* from one another. Most contemporary systems of 
angiosperm classification accept plants with perianth parts free and dis- 
tinct to be more primitive than those with perianth parts of each series 

The terms actinomorphic and zygomorphic (or their synonyms) are also often 
applied to flowers instead of only to the perianth. Unfortunately many authors, without 
precise application of terms, have described flowers as actinom<||phic (or otherwise) 
when only the perianth (or only the corolla) was intended. ^ 

®*The student should differentiate between the terms distinct and free as used 
taxonomically. The term distinct is employed to indicate complete separation of like 
parts (as one petal distinct and not connate to another petal), whereas free indicates 
complete freedom from union of adjoining, but unlike, parts Us the stamens free and 
not adnate to the petals). 

In addition to the above, and in the interest of precision of expression, the student 
should understand the differences between the terms connate, coherent, adnate, and 
adherent. Connate means the fusion of like parts (as petal to petal); coherent means the 
meeting in close proximity by cohesion (viscidity, vesture, etc.) or otherwise of like 
parts but lacking fusion of their tissues (as pollen grains sometimes coherent); adnate 
refers to the fusion of unlike parts (as stamens to petals); adhesion refers to the com- 
ing into close contact of unlike parts but lacking fusion of their tissues (as the indehiscent 
husk of Juglans adherent to the nut). 
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connate. Corollas composed of distinct petals are polypetalous (chori- 
petalous, apopetalous) (Fig. 9c), those whose petals are to any degree 
marginally connate are gamopetalous (sympetalous) (Fig. 9h). The 
gamopetalous condition may be very obvious (e.g., in Aster, Convol- 
vulus, Digitalis) or superficially not present (e.g., in Armeria, 
Chionanthus) and in cases of deeply segmented corollas the condition 
may be determined only after careful dissection and study. 

In general, most botanists accept the view that a perianth composed 
of free and distinct parts (as of sepals, petals or of tepals) is more 
primitive than one in which such parts are partially or completely con- 
nate or adnate (thus resulting in synsepally, sympetally, or the produc- 
tion of an hypanthium). There is abundant evidence indicating that taxa 
whose flowers exhibit fusion of perianth parts arose independently (i.e., 
by polyphyletic origins) in widely separated families and orders. A 
majority of morphologists, and many botanists, currently reject those 
phyletic views that would group all dicot orders whose families possess 
gamopetalous corollas (as, for example, the taxon Sympetalae). There is 
evidence also that some corollas now composed of distinct petals, or of 
segments connate only at the base, have been derived from ancestors 
whose corollas were conspicuously or completely gamopetalous (as in 
some Onagraceae, Plumbaginaceae). Likewise the vascular anatomy of 
some of these seemingly near-polypetalous corollas shows that their seg- 
ments contain marginal vascular strands that clearly once belonged to 
adjoining lobes or segments of the same perianth series; this is evidence 
that in such situations the corolla segmentation probably was preceded 
by a more completely gamopetalous condition. Perianths having these 
complex vascular situations are believed generally to be more advanced 
phyletically than are those exhibiting simple but complete connation of 
parts. For these reasons it should be borne in mind that while the absence 
of fusion of peri^pth parts is generally to be construed to represent a 
primitive situati|p it may in some taxa represent a very advanced phy- 
letic situation. 

Fruits. A fruit may be defined as the product of the ripened ovary or 
pistil of a flower and may be composed in part also of accessory floral 
or vegetative parts. It is the seed-bearing (or containing) organ of a 
plant, and in this sense the ripened female strobilus (or cone) of a 
conifer may be referred to as a fruit. Fruits are important in the classifi- 
cation, delimitation, and identification of seed plants because generally 
they provide characters very reliable in the characterization of genera 
and of families. Many kinds and types of fruits exist. An appreciable 
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number of classifications have been proposed for their systematic organi- 
zation; all are empirical and artificial. None has been devised during 
much of the last century, and none is based on the fundamental mor- 
phology of the structures concerned. The basic weakness of these classifi- 
cations is their artificiality, and since they have been devised without 
due regard for the morphology of the ovaries and gynoecia from which 
the fruit is produced, the definitions of their categories or types in- 
variably are violated by an abundance of exceptions. Until a more satis- 
factory classification has been devised, contemporary taxonomists are 
obliged to continue to employ the currently used conventional classifica- 
tion that follows the basic schema presented in Asa Gray’s 6th edition 
of Structural botany or in Gray*s lessons in botany. A synopsis adapted 
from that published by Gray (1879) and accounting for the more com- 
monly encountered fruit types is given below. In making reference to it, 
the omnipresence of exceptions must be acknowledged. 


Fruits simple, the product of a single pistil. 

Fleshy and usually indehiscent. 

Texture homogeneous, fleshy throughout Berry 

Texture heterogeneous. 

Fruit exterior a firm, hard, or leathery rind. 

Septae present, several to many Hesperidium 

Septae absent Pepo 

Fruit exterior soft. 

Center of fruit with a single “stone” Drupe 

Center of fruit with papery or cartilaginous carpels Pome 

Dry fruits. 

Fruit indehiscent, usually 1-2-seeded. 

Winged Samara 

Wingless. 

Pericarp thin. 

The pericarp adnate to the seed Achene 

The pericarp loose and free from seed Utricle 

Pericarp thick and hard, sometimes bony. 

Fruit small, from a 1-loculed ovary Achene 

Fruit usually large, from a 2-more-loculed ovary Vk Nut 

Fruit usually dehiscent, 1 -many-seeded. 

Product of a unicarpellate ovary. 

Dehiscing by ventral suture only Follicle 

Dehiscing by two longitudinal or transverse sutures. 

Sutures longitudinal Legume 

Sutures transverse Loment 

Product of a bi- or multicarpellate ovary. 

Fruit splitting into 1 -seeded halves Schizocarp 

Fruit splitting and releasing seeds. 

Dehiscence circumscissle Pyxis 


3® For references to fruit classifications, cf. entries under Dickson, Gray, Rendle, 
Masters, and Winkler. 
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Dehiscence longitudinal Capsule 


(Silicles and siliques are specialized types of capsules char- 
acteristic of the Cruciferae family.) 

Fruits compound, the product of 2 or more pistils. 

The product of several pistils of a single gynoecium connate or cohe- 
rent, and usually fleshy Aggregate fruit 

(An accessory fruit is a type of aggregate fruit in which the con- 
spicuous and often fleshy part of the fruit is of nonovarian origin.) 

The product of several gynoecia aggregated in one mass Multiple fruit 

Seeds. Seeds are fertilized mature ovules and each contains an em- 
bryo. An abundance of taxonomic and phylogenetic characters are pro- 
vided by the seeds of plants. Generally speaking, those of general 
taxonomic use are the more superficial and associated with the seed coat 
(usually derived from the outer integument of the ovule, sometimes 
termed testa). Outgrowths such as wings (as in the pine, trumpet vine, 
or maple) or the coma (a tuft of hair as in milkweed, cotton) are ex- 
amples of this character. In other groups, the presence and character of 
pits, sutures, sculpturing, and surface configurations are of significant 
value taxonomically (Fig. 322). Of more fundamental classificatory 
value are the internal characters afforded by seeds of many plant groups; 
particularly is this true of the presence or absence of endosperm (al- 
bumen), shape and position of the embryo, and the character, number, 
and arrangement of the cotyledons. In this regard, Martin ( 1946) devised 
a phylogenetic schema of seed plants based on the comparative internal 
morphology of seeds that compares very favorably with modern concepts 
based on combinations of other structures. 

Embryology. The taxonomic value of embryological data has been 
ignored by the systematist until recently, or has been considered useful 
only to the phylogenist dealing with the classification of taxa in the 
higher categories. In this regard it has been emphasized by Maheshwari 
(1945, 1950) and by Just (1946) that the taxonomist should be cogni- 
zant of the signi^nce of these data and recognize their value and limita- 
tions. Embryologwal characters found to be of taxonomic and phyletic 
significance include those of the male and female gametophyte as well as 
of the embryo. Just (1946) proposed a set of symbols whereby the at- 
tributes of each of the pertinent characters might be designated in con- 
densed form. In focusing attention on the use of these data by the 
taxonomist he stated (p. 354) : 

The accepted orders of flowering plants may well be delimited differently, if embry- 
ological data are applied consistently, and groups which have so far not been 
investigated are studied embryologically. Therefore, the use of embryological data 
will be greatest as supplementary evidence in the improvement of our systems of 
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classification, particularly with regard to the determination of the correct position 
and affinities of families and orders, whereas their application in purely descriptive 
works such as floras and manuals as well as in teaching elementary plant taxonomy 
may never prove feasible. 

Embryological data need not be accorded more recognition than other taxonomi- 
cally valuable characters. They do, however, deserve their rightful place among the 
others, a position they have not yet attained in the eyes of all botanists. 

Much earlier, Rutgers (1923) proposed the use of formulae by which 
to designate embryo-sac and embryo conditions, but made no attempt 
to include the range of gametophytic characters of both sexes that were 
taken into account by Just. The recent contribution by Johansen (1950) 
should do much to enlighten the taxonomist of the value of embryological 
data, and provides a ready and classified reference to these data and to 
the pertinent literature. 

Karyology. Cytology and cytogenetics have provided many data con- 
cerning the number, morphology, and behavior of chromosomes within 
the nucleus of the gametophyte that are of taxonomic significance. For 
a discussion of this see Chapter VIIL 
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CHAPTER \ 


PHYLOGENETIC CONSIDERATIONS 


Phytogeny is the evolutionary history of a taxon, and attempts to 
account for its origin and development. It is a function of taxonomy, by 
acceptance of a broad definition of the latter term. The term phytogeny 
is the antonym of ontogeny.^ A primary objective of phylogenetic studies 
in botany is the determination of origins and relationships of all taxa of 
both extinct and present-day plants and the classification of them ac- 
cording to a system that will indicate their genetical or “blood” relation- 
ships. A truly phylogenetic classification does not now exist; it is doubt- 
ful if it ever will exist, but there is reason to believe that, with the 
acquisition of many more data and by the synthesis of all available data, 
a more satisfactory classification than any now known may be produced. 
It should be made clear that this phylogenetic system of the future un- 
doubtedly will be 3-dimensional (or more) and reticulate in character 
and that it will be too complex in organization to be of practical use in 
the everyday classification of plants. 

Significance to taxonomy 

Phytogeny deals with the evolutionary history of all taxa, from those 
in the category of division or phylum down to the species and their sub- 
divisions. It is a function of taxonomic research at all levels of classifica- 
tion. A goal of phylogenetic research is the production of a phylogenetic 
system of classification. In its complete (and probably unattainable) 
form this phylogenetic system would enable one to determine the ancestor 
of a plant at any stage of its evolutionary development; it would show 

^ Ontogeny differs from phylogeny in that it accounts for the life history of the 
individual plant from its development from the zygote to the production of its own 
gametes. Ontogenetical studies deal also with the development of structures from the 
stage of primordial initiation to full maturity; phylogenetical studies of individual struc> 
tures within a plant deal with the comparison of their evolutionary changes through 
successive generations from time of origin to the present. 
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the genetic and time relationship of any one taxon to another. In this 
regard it should be noted that there is a distinction between phytogeny 
and genealogy, for while the former deals with the evolution of the taxon 
the latter deals with the ancestry of the individual. Likewise, there is a 
distinction between phylogenetic and taxonomic classification, for (as 
pointed out by Turrill, 1942, p. 685) “taxonomy is based on characters, 
phytogeny on changes of characters.” From this, it develops that there 
is a distinction between a complex 3-dimensional phylogenetic classifica- 
tion as outlined above and the existing so-called phylogenetic classifica- 
tions.^ Present-day classifications may be to the phylogenetic classification 
of the future what an artificial key is to a synopsis.^ Spi^ague (in Huxley’s 
New systematicsy p. 441 ) summed up the situation clearly when he stated 
that, “in making an artificial classification there is arbitrary selection of 
characters, no attempt being mad<^ to arrive at groups exhibiting a maxi- 
mum correlation of characters. In attempting to build a natural classifica- 
tion the units ... are arranged in various ways until such maximum 
correlation is obtained.” 

It is probable that phylogenetic studies at the level of genus and below 
have been of greater significance and utility to the taxonomist than have 
those of the major groups. The reason for this is that the methods of the 
phylogenist who deals with higher taxa have been limited more or less 
to those that deal with paleobotanical and morphological research, 
whereas the taxonomist endeavoring to learn the phylogenetic relation- 

* Distinctions between the 3 classification types (artificial, natural, and phylogenetic) 
have been given (Chapter III, p, 13). In using these terms, one should note that the 
term natural classification has been used by many contemporary botanists as synonymous 
with phylogenetic classification. In this text, the term natural is restricted to the classifi- 
cations based on form relationships. Turrill (1942) emphasized the confusion and 
ambiguity that has resulted from the indiscriminate use of the term “natural” when ap- 
plied to both pre-Darwinian and post-Darwinian classifications, and has advocated that 
it be abolished with regard to classification, and the term “general” be substituted for it. 
Turrill pointed out that none of the present-day so-called phylogenetic classifications is 
truly phylogenetic, but is only presumed to be so, or is phylogenetic only in so far as 
available evidence allows. For this reason he extended the application of the term 
“general” to cover also all modern post-Darwinian systems of classification, and reserved 
the term “phylogenetic classification” for a system to be developed at a future time when 
all the facts of evolution (now lacking) have been discovered. The validity of Turrill’s 
views is patent, but their application is deferred for the present because (1) the term 
“natural” is deeply entrenched in biological literature and thinking, its original usage from 
before the time of Linnaeus through the nineteenth century is clear and consistent, and 
since the ambiguities are of relatively recent origin it is to be hoped that they may yet 
be eliminated if contemporary biologists will be more precise and restrictive in their use 
of the term; and (2) the term “phylogenetic” implies a classification based on evolutionary 
sequences and genetic relationships, and since this has been the underlying principle of 
the more recent modern classifications, then they are phylogenetic in principle as con- 
trasted with the earlier natural classifications. 

^ For an explanation of the distinction between an artificial key and a synopsis, see 
Chapter X, p. 225. 
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ships of the components of families, genera, and species has used these 
methods augmented by cytogenetic and serological research. 

It may be asked why, if a present-day classification meets our practical 
needs, we should strive to piece together a complex phyletic system. The 
basis of all evolutionary theories is the belief that living organisms may 
have progressed (though with many digressions) from primitive to more 
advanced forms. Only a fraction of the total of these forms is known, 
but the size of the fraction is not known. The living forms about us 
(species, genera, families, etc.) represent only the tips of branches, end 
products of evolutionary processes. This being true, the evolutionist — or 
phylogenist — will never be content until the theory of evolution has been 
proved as a law of nature. This he proposes to accomplish by the dis- 
covery and fitting of all evolutionary stages of life into one biological 
cosmos. A major segment of that cosmos will be a valid phylogenetic 
classification complete in all details and free from gaps and missing 
links. A phylogenetic system of classification for plants would provide 
the answer to questions of their origin, to their modes of evolution, to 
problems of monophyleticism vs. polyphyleticism, the identity of primi- 
tive and advanced characters, etc. It would result in a single stable 
classification of relationships. 

Diversity of phyletic concepts 

There is little unanimity of current opinion on phylogenetic matters. 
This situation is attested to by the diversity of opinion represented by 
the presumedly phylogenetic classifications of Bessey, Hutchinson, Wett- 
stein, Pulle, Skottsberg, et al^ The reason for this is the lack of factual 
data. Botanists do not know enough about the vascular plants of the 
past (except perhaps of the ferns and conifers) to be able to distinguish 
with certainty between characters indicative of primitive conditions and 
those indicative of advanced conditions. The construction of the ultimate 
phylogenetic classification must be based on established facts regarding 
the characteristics of ancestors of every taxon level. These ancestors 
existed in remote geologic time, and because of their relative simplicity 
their characters are said to be primitive, while those of their present-day 
descendants are said to be advanced. The primitive characters of con- 
temporary, and presumedly phylogenetic, systems of angiosperm classifi- 
cation are not often based on paleobotanical evidence illustrative of an- 

^The omission of Engler’s system from this listing is deliberate, since Engler did not 
consider his system to be a phylogenetic classification in the broad sense of the concept 
(for explanation, see Chapter VI). 
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cestral conditions, and for the most part their primitiveness may be a 
matter of personal opinion or of judgments based on circumstantial evi- 
dence. Many of the so-called primitive characters in published lists (in- 
cluding those in this text) are alleged to be primitive because they occur 
in members of primitive taxa, and the taxa are primitive because they 
have primitive characters. It is difficult to find, by objective methods, 
devices to break this cyclic reasoning, and, among the angiosperms at 
least, there is inadequate paleobotanical evidence to support one view 
and to reject the other. For example, Eichler, Wettstein, Rendle, and 
others considered the unisexual apetalous cyclic flower to be primitive, 
whereas Bessey, Hutchinson, and others treated it as advanced and con- 
sidered the bisexual polypetalous flower with spiral arrangement of parts 
to be primitive. The meager paleobotanical evidence of earliest angio- 
sperms (in point of geologic age) is of plant structures identified with taxa 
representative of both views. Although it is not concrete evidence from 
the paleobotanical record, but is to a large extent circumstantial and 
based on assumptions, the evidence that favors the views of Bessey is 
stronger than that which favors the views of Eichler.® 

The lack of paleobotanical evidence hampers and perhaps retards cur- 
rent phylogenetic studies of the angiosperms, but this situation does not 
mean that the phylogenist must “rest on his oars” and await new paleobo- 
tanical data. Rather, he must continue to make the best use possible 
of all other available evidence. Bailey (1949) expressed this view when 
he said that “it should be emphasized . . . that diversified investiga- 
tions of surviving angiosperms provide the only available means at present 


® Studies by Sporne (1948, 1949) have emphasized the utility of biometrical correla- 
tions betvi^een floral and vegetative characters in assessing the relative advancement of 
dicotyledonous families. In arriving at his correlations, he defined a primitive character 
as ''one which, possessed by some present-day families, was also possessed by their 
ancestors,” and a primitive family as “a present-day family which has retained a rela- 
tively large number of primitive characters and which has diverged very little from the 
ancestral.” By statistical analysis dealing with presence or absence of 12 allegedly 
primitive characters throughout 259 dicot families, Sporne arrived at an "advancement 
index (%)” for each family. The characters selected to be most primitive were: 


Trees or shrubs 
Leaves glandular 
Leaves alternate 
Leaves stipulate 
Flowers unisexual 
Flowers actinomorphic 


Petals free 
Stamens pleiomerous 
Carpels pleiomerous 
Seeds arillate 

Seeds with two integuments 
Seeds with integument bundles 


As a result, the most primitive dicot families were concluded to be the Flacourtiaceae, 
Anonaceae, Magnoliaceae, Myristicaceae, and Euphorbiaceae, while the most advanced 
included the Labiatae, Valerianaceae, Dipsacaceae, Phrymaceae (the Composiiae stand- 
ing about two-thirds the distance up the scale). The amentiferous families were scattered 
but averaged about midway along the scale of advancement with the Fagaceae the most 
primitive and Garryaceae the most advanced. 
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of morphologically characterizing this great group of the vascular 
plants . . It has been pointed out by phylogenists that there is strong, 
and seemingly irrefutable, evidence among living plants that certain basic 
characters or conditions are primitive and that others are derived from 
them. For example, in leaves of vascular plants as well as in the repro- 
ductive parts, the primitive arrangement (in most angiosperms) is in a 
spiral (supported by the fossil record). Furthermore, in the angiosperms, 
the anatomy shows that most so-called whorled or cyclic arrangements 
of floral parts are vertically compressed spirals, and likewise many leaf 
whorls are not true whorls but are compressed spirals. This sequence 
is presumed to be evidence that the spiral arrangement is more primitive 
than is the cyclic. In some apetalous flowers (as in Salicaceae, Jug- 
landaceae, Urticaceae, Gramineae, some Centrospermae, and others) 
vestigial vascular systems are present that occupy positions anatomically 
homologous with those in petaioid flowers that lead to perianth parts. 
This is presented as evidence that apetaly is an advanced condition, 
derived from ancestors whose flowers had a perianth. Similarly, evidence 
from living plants supports the view that apocarpous gynoecia (uni- 
carpellate ovaries) are primitive and that syncarpous gynoecia are ad- 
vanced. Furthermore, these several allegedly primitive characters occur 
in combination in some families as a positive correlation of high value, a 
situation that strengthens the view that those families are more primitive 
than are others represented by similar correlations of lower value or of 
negative value. 

The diversity of phyletic concepts is due also to the lack of synthesis 
of all available data. In all fairness to Hutchinson, his system cannot 
be criticized in this regard since he did not accompany his presentation 
with reasons for the alignment of most of the taxa. However, there is little 
to indicate that Bessey accepted much evidence other than that provided 
by gross and comparative morphology in the development of his system 
(and the tenets on which it was based) from that of Bentham and Hooker. 
Hallier and Wettstein both drew on the paleobotanical, serological, and 
anatomical data then available (in addition to morphological considera- 
tions), but many data which have since been accumulated are in contra- 
diction to their opinions. Another reason for these diversities is that some 
phylogenists have given too little attention to the phyletic significance of 
pollen grain and starch grain morphology, to the physiological bases of 
serology and allied physicochemical relationships, and to the relationship 
of genic constitutions to segregation and establishment of major taxa. 
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The problems of phylogeny are so complex that only by considered 
analysis and synthesis of all possible evidence will there be anything 
approaching harmony of opinion on the subject. 

The incompatibilities of some data with other data are responsible in 
part for the diversity of phyletic views. These resolve themselves into 
incompatibilities of interpretation of facts, and incompatibilities between 
bits of circumstantial evidence that too often are treated as facts. Evolu- 
tionary patterns laid down in conformance with morphological findings 
often are at variance with those based on physiological findings; in many 
instances the fossil record does not support segments of an allegedly 
phylogenetic classification based on the comparative morphology of ex- 
tant taxa; in some instances, paleobotanists have alleged that entomoph- 
ilous flowering plants existed during certain geologic ages that paleon- 
tologists have considered to be devoid of insect pollinators; embryological 
situations presumed by some authorities to be highly advanced occur in 
flowering plants treated by other botanists as primitive (as in some of 
the Amentiferae); and primitive characters of wood anatomy sometimes 
are at variance with allegedly primitive morphological characters of the 
same taxon. Existence of these conflicting situations should not be con- 
strued to imply that a relatively primitive extant flowering plant must 
possess primitive characters in all its parts, for it is accepted generally 
that a plant may be primitive in one or more respects and advanced in 
others. The basis of the conflict often rests on the bias of the phylogenist 
who may reject (or not even consider) characters contributed by dis- 
ciplines in which he himself is neither well versed nor a specialist. 

The existence of these diversities of phyletic concept should not be dis- 
couraging, nor be taken to indicate that all is confusion, but rather should 
be viewed as part of a healthy situation. The recognition of the causes of 
the diversities should serve to demonstrate to the phylogenist the need of 
exhuming more paleobotanical materials, and of carefully integrating with 
them the findings, based on living material, of research from all fields of 
biology. The formulation of phylogenetic classifications demands the 
teamwork and collaboration of botanists of all disciplines and the con- 
sidered evaluation of data without bias. 

Contributions to phylogenetic knowledge 

Paleobotany must be the foundation of phylogeny. The lack of solid 
and factual foundations for phylogenetic studies is a direct reflection of 
our knowledge of the paleobotanical history of vascular plants, especially 
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of the angiosperms. The situation was expressed well by Turrill (1942, 
p. 508) when he wrote, 

The great diversity of opinion in published accounts of plant phylogeny suggests 
. . . that the available data are still too few for the construction of a valid general 
phylogenetic scheme . . . the paucity of relevant paleobotanical data in most 
groups of plants (partial exceptions are the Pteridophyta and Gymnospermae) is 
a major cause of uncertainty as to whether or not proposed series are phylogenetic, 
and, if they be, in which direction they should be read. 

One of the requisites of phylogeny is the determination of origins of taxa, 
not only the origins of those in the highest categories but also those of 
levels such as class, order, and family. Present-day taxa of these latter 
categories among the angiosperms originated (presumably) millions of 
years ago, yet {fide Thomas, 1936) what little is known of them from 
the fossil record is at variance with views of their origin as accepted by 
most phylogenists. Some phylogenists, lacking necessary data from the 
paleobotanist, have fabricated missing links to make plausible their 
otherwise unfounded views (as Arber and Parkin’s hypothetical Hemi- 
angiospermae, 1907). 

Anatomy is a source of evidence available from both paleobotanical 
and living material and is of considerable value to the phylogenist. Once 
the fossil record has clarified the issue of primitive vs. advanced char- 
acters, and the issue has been settled as to what type of stem anatomy 
preceded another, the existing accumulation of anatomical evidence from 
both vegetative and reproductive parts will be of critical importance. In 
the interim, much assistance is provided by these facts establishing rela- 
tionships or probable affinities between taxa in the lower categories, 
especially below that of the order. Knowledge of the phyletic relationships 
within the angiosperms, the monocotyledons, and numerous families of 
dicotyledons, has been advanced by evidence of this type (see papers by 
Bailey, Bailey and Sinnott, Chalk, Cheadle, Eames, Heimsch, Metcalf and 
Chalk, Record, and Tippo ) . Similar and equally significant advancements 
have accrued from studies of the inflorescence and floral anatomy. 

Morphology has dominated phylogenetic research for over a century. 
Initially it was restricted to gross morphology, and studies of it were fol- 
lowed by a period of intense ontogenetical investigation (an approach 
to phylogeny defended by Sahni, 1925, and by Lam, 1948, reviewed by 
deBeer, 1936, and currently de-emphasized by many botanists), and 
lately superseded by the widespread recognition of the significance of 
investigations of embryology and floral anatomy. Noteworthy also are 
the phyletic studies of seeds, especially of embryo and endosperm (Martin, 
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1947). One reason for this dominant position of morphology is that 
morphological studies permit ready determination and correlation of 
characters; another is that they can be subjected to comparative analysis 
to a greater degree than can characters from most other studies. In the 
phyletic studies of minor categories, it seems probable that much can be 
learned by the application of quantitative and biometrical methods to an 
analysis of morphological data (see papers by Anderson, 1936, Anderson 
and Abbe, 1 934, Fassett, 1941 , Epling, 1942, et al). In the determination 
of phyletic positions within the higher categories, one objective of both 
anatomical and morphological studies has been evaluation and utilization 
of characters believed to be the more conservative.® Another objective 
has been the determination of the direction from which to read a series 
of transitional morphological situations. In other words, the solution of 
the basic problem of determining which end of the series is primitive and 
which is advanced rarely can be based on indisputable evidence. 

Cytology and cytotaionomy are studies which to date have been of 
most value in the phyletic resolution of taxa below the level of genus. 
Even then, conditions often have been so uniform that they have con- 
tributed little to the understanding of relationships within some genera 
{Rhododendron, many gymnosperms, cacti, et aL), Cytological data of 
themselves are inconclusive in determining or strongly indicating phyletic 
relationships of major categories. An example of this is afforded by one 
assemblage of data designed to indicate that the Magnoliales may have 
been derived from wide crosses between different groups of gymnosperms 
(Anderson, 1934). Since the Magnoliales are phyletically old, these 
presumed crosses did not occur between present-day gymnosperms, but 
between ancient ancestors of them. Postulations or hypotheses of what 
might have happened genetically in previous geological ages generally 
are more in the realm of philosophy than of science. 

Phytogeography, particularly as correlated with the morphology of the 
earth, undoubtedly will contribute increasingly to the accuracy of phyletic 
investigations. Too little is known yet about the early land formations 
of the earth, but with resolution of this hiatus the early migrations of 

® By conservatism of characters is meant their persistence within the plant over an 
extensive period of evolutionary development. For example, anatomists generally hold to 
the view that characters of stem anatomy are very conservative, since they vary little or 
not at all among species of a given genus, rarely between genera of a given family (when 
they do that genus is suspected by the anatomist of being taxonomically out of place), 
and that members of many families possess common or similar characters of stem 
anatomy. The morphologists also generally contend, for example, that the vascular 
anatomy leading to gynoecia and androecia are modified more slowly than the gross 
gynoecial or androecial structures, and therefore by their conservatism the vascular con- 
ditions serve to indicate probable ancestral situations. 
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plants will be understood better and there must then be harmony beween 
the phyletic arrangement of major categories and the evolution of their 
distributions. As was true for cytogenetical evidence, so is it true also for 
phytogeography that evidence contributed by studies of it currently is 
more important in the phylogenetic classification of taxa at and below the 
level of the family. 

Physiology has produced criteria that have been by-passed by most 
phylogenists, and especially by taxonomists dealing with the minor cate- 
gories. The contributions of Chester, Reichert, Molisch, and, to a 
lesser degree, of Mez attest to the basic value of serological and physico- 
chemical investigations to a better understanding of relationships. The 
classical serological studies by Molisch and others are in surprising agree- 
ment in many respects with several phylogenetic classifications based 
primarily on morphological evidence. Molisch contributed much to our 
knowledge of distributions of chemical products among plant genera and 
families and concluded (to quote Turrill, 1942, p. 503) that, “while we 
are only at the beginning of phytochemical knowledge, the phylogenetic 
value of phytochemistry is already considerable. Especially can the 
chemistry of plant substances and their distribution suggest the correctness 
or otherwise of phylogenetic schemes based on morphological or other 
criteria.” It is probable that further phytochemical studies may aid con- 
siderably in confirming or rejecting the transfer of genera from one 
family to another, or of a family from one order to another. Reichert’s 
work on starches (1919) should be re-examined and evaluated in con- 
junction with phyletic studies at all levels. Studies of pharmacognosy 
have provided much information on the presence of such organic ma- 
terials in plant tissues as alkaloids, glucosides, resins, oleoresins, volatile 
oils, etc. These are believed in some instances to be indicators of phylo- 
genetic relationships, and further investigations are needed in this 
direction. 

The contributions from the physiological approach are yet in the primi- 
tive or initial stages. This in no way lessens their potential value or 
significance, but rather serves to emphasize the need of revitalized activity 
by the physiologist, together with a broader outlook on the basic prob- 
lems. The collaborating physiologist must admit the possibility that 
parallel or convergent evolution is present in his field of interest as it 
has been demonstrated to exist in the disciplines of morphology, cytology, 
and genetics. The fact that end products of biochemical processes occur 
in different genera does not of itself mean that those genera are more 
closely related to each other than to genera not possessing them. Further- 
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more, it is not merely the chemical end product that is of significance, 
but also the processes by which it was produced. The end product, meas- 
ured by serological or biochemical tests, may be compared to the proc- 
esses or materials that produce it as the gross morphology of the plant 
is to^ the vegetative and reproductive anatomy of that plant. There is 
unlimited opportunity for the biochemically trained physiologist \vho 
will work in concert with the morphologist, anatomist, and taxonomist 
on problems of phylogeny of vascular plants at all taxal levels. 

Phylogeny and the higher categories 

Pteridophytes. It has been established by numerous researchers that 
the Pteridophyta are not a phylogenetic taxon (Eames, Andrews, Arnold, 
Copeland, Wettstein). The available evidence makes it clear that phylo- 
genetically they must be thought of and treated not as one but as 3 or 4 
taxa, as: the psilopsids, descended probably from the Psilophytales of 
lower Devonian time; the lycopsids (including the Lycopodiaceae, Isoeta- 
ceae, and Selaginellaccae) descended perhaps from such ancestral stocks 
as the lepidodendrids of the early Carboniferous; the sphenopsids (scour- 
ing rushes) derived perhaps from the calamites and sphenophylls and 
perhaps the Hyeniales of the lower Devonian; and a fourth taxon, repre- 
sented by those ferns comprising the Filicales, whose ancestral stocks are 
traceable back into the Permian (the upper Paleozoic). The paleobotani- 
cal evidence in support of these views is more adequate than that known 
for most other major categories of plants. These major taxa are among 
the oldest of land plants. Also, they are the oldest of vascular plants, for 
nearly three-quarters of their evolutionary history had elapsed by the 
time modern flowering plants were first known and they were old when 
the cycads and ginkgoes became established. Some of these ancient ferns 
(as anemias, marattias, angiopteris) are known by living descendants 
today, and others by descendants of close affinity (as the fossil Osmun- 
dites and its contemporary counterpart Osmunda), 

The availability of this paleobotanical material has made it possible 
to reconstruct many of the evolutionary channels of development that 
lead to present-day vascular cryptogams. It has made it clear that the 
ferns and their allies are of a polyphyletic origin, that they have had no 
known common ancestor, and that each of the 4 contemporary major 
taxa of vascular cryptogams (psilopsids, sphenopsids, lycopsids, and 
Filicales) may be as different from the others as the club mosses or 
scouring rushes are from buttercups or orchids. The evolutionary picture 
of these plants, well known though it may be in a relative sense, is far 
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from complete. Many gaps and extensive voids remain to be filled in the 
almost crude phylogenetic structure now available; parts of that structure 
have been constructed from weak or even hypothetical evidence, and 
nothing definite is known of the character or identity of fern antecedents. 

Gymnosperms. These are the cycads, ginkgo, taxads, conifers, Gnet- 
ales, and some extinct taxa. Counterparts of present-day cycads and the 
ginkgo date back through the Triassic and into the Permian (Upper 
Carboniferous), while modern conifers were dominant in the Cenozoic 
and extended doubtfully into the Upper Cretaceous. Prior to this, there 
were transition conifers that were climax vegetational types from the 
Upper Cretaceous back through the Triassic. Conifers ancestral to these 
lived during the Paleozoic. For much of our knowledge of the Paleozoic 
conifers we are indebted to the researches by Florin (1938-1945) that 
have contributed aho to a clearer understanding of relationships within 
modern conifers. These early conifers were trees and shrubs, appeared 
perhaps more like modern Araucarias than other extant types, with small 
fattened leaves in spirals, loose strobiloid inflorescences that were inter- 
mediate in organization between those of the Cordaites and the present- 
day pines. The better understanding of these plants and their descendants 
led Florin to the conclusion (1948) that the taxads are not a part of the 
Coniferae, but are a separate and equivalent taxon. 

Evidence produced during the past few years has supported the views 
of some phylogenists that the Cordaites, or plants ancestral to them, 
may have been the principal ancestors of the conifers. The Cordaites are 
an extinct taxon, of greater antiquity than the conifers, of unknown 
origin, and are responsible in part for the views of some paleobotanists 
that the origin of the gymnosperms probably extended back into the 
early Devonian epoch. In any case, the identity of the early ancestors 
of the conifers becomes speculative, and no fossil plant remains have 
been discovered that definitely can be said to be ancestral to the cycads 
or to the ginkgo. 

The knowledge of phylogeny within the gymnosperms has advanced 
appreciably with the increase in knowledge of their paleobotanical back- 
ground. Within the conifers it has become increasingly clear that the 
several families are of a more remote relationship to one another than 
was formerly believed and that the family Pinaceae of older works 
deserves to be treated taxonomically as an order or suborder, and its 
tribes raised to the family level. No ancestors are known for the Gnetales, 
Welwitschiales, or Ephedrales, and none of these orders is closely allied 
to other gymnosperms. Like the ferns, the gymnosperms are certainly 
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of polyphyletic origin, and there is no evidence to suggest a common 
ancestor for the cycads, ginkgo, taxads, and the conifers. Similarly, there 
is no evidence to suggest phyletic relationships between the pteridophytes 
and the gymnosperms; the available evidence suggests that the latter are 
not derived from the vascular cryptogams. 

Angiosperms. The paleobotanical record for the seed plants is so 
inadequate that phylogenists have had no solid foundation on which to 
construct a classification of phyletic relationships. Much of the meager 
paleobotanical evidence is of vegetative parts, and almost none of the 
reproductive material is derived from flowering plants more primitive 
than can be found among modern angiosperms. The lack of this ma- 
terial is responsible to a large extent for the diversity of opinion as to 
what types of structures are indicative of primitive conditions and what 
are clearly advanced. Plants of ranalian affinities and those of amentif- 
erous affinities are amoniT the oldest of paleobotanical material. From 
the evidence available, it w<^uld seem that the angiosperms “blossomed 
forth” with a sudden surge in abundance and variety in the late Creta- 
ceous, for fossil material of trees scarcely differentiable from those now 
growing about us is obtained from strata of that epoch."^ Some of this 
material dates back into the Jurassic, and it is becoming more clear that 
the angiosperms originated earlier than was indicated by evidence of a 
quarter century ago. 

The origin of the angiosperms is not known. Many theories (some 
more philosophical than scientific) have been presented to account for 
their origin; some are supported by circumstantial evidence that is con- 
vincing; others are based on more tenuous evidence, but enjoy current 
acceptance; and a few are so lacking in credibility as to be accepted only 
by the gullible. There seems not to be a majority of opinion in favor of 
one view over another, but if the admittedly inadequate and partially 
circumstantial evidence in support of the pteridosperm theory is con- 
sidered satisfactory then that theory is the most difficult to refute. The 
pteridosperms (seed-bearing plants with fernlike foliage) had their origins 
in the Devonian and were dominant during most of the Carboniferous. 
They produced pollen from microsporophylls and seeds from their naked 
ovules. The plants were monoecious or dioecious and the probably apet- 
alous solitary megasporangia or ovules were variously disposed (often in 
panicles). They are the most primitive of known seed plants, but the 
phyletic gap between them and the earliest true flowering plants of the 

For an analysis of reasons accounting for this gap in the paleobotanical record, see 
Just (1948, pp. 97-'9'x;; 
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Jurassic* is exceedingly great. In recounting theories of angiosperm origin 
Andrews (1947) has said, 

... the pteridosperms seem to present the only possible fossils to which we may 
look as a starting point for the flowering plants. The seed pod of the latter consti- 
tutes their most distinctive feature, and the cupule which encloses the seed (or 
seeds) in the pteridosperms is the most likely precursor of the flowering-plant seed 
pod. It has not been proved that this is actually the case, but since it is the most 
plausible and convincing evidence that we have to go on, then it is justiflable to 
use it at least as a working hypothesis until more evidence is accumulated either 
to support it or to disprove it. 

A similar view was taken by Arnold (1947), who stressed also that the 
angiosperms must have had “a longer and more extensive pre-Cretaceous 
history than so far has been revealed by the fossil record and that the 
scarcity of fossils is due to their predominatingly upland habits where 
the remains were not readily buried and preserved.” Darrah (1939) 
conceded the pteridosperms to be probable ancestors of the cycads, but 
held that “the relationship of the seed-ferns to groups other than the true 
ferns and cycads, is entirely debatable.” He was of the opinion that the 
angiosperms arose “without shadow of doubt from some gymnospermous 
stock.” 

It is the opinion of other paleobotanists and phylogenists that the 
angiosperms have been derived from the gymnosperms or from stocks 
ancestral to them. In 1907 Arber and Parkin endeavored to establish this 
theory by the fabrication of a hypothetical connecting link that they 
called the Hemiangiospermae, in which the reproductive structure was 
constructed according to the plan of the cycadeoid flower; a structure 
assigned a perianth of many distinct parts, open foliaceous carpels with 
marginal megasporangia, and an androecium of many stamens, all ar- 
ranged in spirals. There is no evidence in the fossil record that such a 
structure ever existed, and without it their theory of angiosperm origin 
from the gymnosperms via cycadaceous ancestors has no substance. 
Despite this absence of fact, the theory was accepted by Bessey, by 
Hutchinson, and others. Hagerup postulated a diphyletic origin for the 
angiosperms with one line extending from the Filicales through the cycads 
to the Ranales (the Polycarpicae) and the second from the lycopods 
through the Cordaites, conifers, and Gnetales to such angiosperm taxa 
as the Centrospermae and Personatae.® These views were rejected in part 
by Chaudefaud ( 1946) , who pointed out the incompatibility of their basic 
tenets with morphological conditions known to exist in the ovules of 
pteridosperms, cycads, and some modern flowering plants. The signifi- 

*For a summary and analysis of these and other contemporary views, see Just (1948). 
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cance of the Gnetales to the solution of problems of angiosperm’ origins 
has been emphasized by Markgraf (1930), who held the angiosperms to 
be a taxon derived from gymnosperms, and one that brancl^ed off from 
ancestors of modern gymnosperms so long ago as to be of no particular 
relationship to present-day conifers. Fagerlind (1947) reinterpreted the 
morphology of the Gnetum flower, demonstrated it to be homologous 
with those of Ephedra and Welwitschia, and considered the 3 taxa to 
have had a common ancestor which was derived from the same stock as 
the single ancestor postulated to have given rise to the Pro-angiosperms 
(from which all modern angiosperms evolved polyphyletically). 

A few phylogenists have held that the angiosperms may hav*» originated 
from the Caytoniales, a rather recently discovered group of the middle 
Jurassic. However, as reviewed by Arnold, these plants have now been 
shown to have “undoubted affinity with the pteridosperms, and they are 
now classified as Mesozoic jemnants of that group. The gap between the 
Caytoniales and the flowering plants is probably as great as that between 
any of the other vascular plants and the angiosperms.” 

As recently as 1946 it has been suggested by Lemesle that certain 
ranalian families were descended from the Bennettitales. This was based, 
according to Bailey (1949), on a misinterpretation of the phyletic signifi- 
cance of tracheary elements of the periinent taxa together with Lemesle’s 
failure to recognize the existence and significance of parallel and con- 
vergent evolution of anatomical features. It was pointed out further by 
Bailey that “such sweeping generalizations, based upon limited and in- 
adequate data, . . . have raised uncertainties and doubts in the minds 
of many botanists regarding the value and reliability of anatomical evi- 
dence in the study of phytogeny.” 

An entirely different approach to the problem of angiosperm origin 
was published by Sahni (1920), redefined, extended, and given impetus 
by Lam (1948) and repudiated in essence by Bailey (1949, p. 64 ff,). 
These views presented by Lam (together with his classification based on 
them) are becoming known as the Stachyosporous theory, and in brief, 
he recognized the seed plants to be composed of two taxa: Phyllospermae 
and Stachyosporae. The Phyllospermae have their megasporangia (ovules) 
enclosed in foliar carpels and contain most of the apocarpous dicots 
(Polycarpicae) and their derivatives, i.e., the ranalian taxa. The Stachyo- 
sporae have their megasporangia “protected by sterile organs (e.g., 
sterilized microsporangiosphores; pseudocarpels)” and contain the Mono- 
chlamydeae of Engler and “perhaps also some Monocotyledons and 
Sympetalae.” Lam has emphasized the need for rejection of the Angio- 
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spermae as a starting point for morphological interpretations of all other 
vascular plants and substituted in their place the facts known about the 
psilopsids, pteropsids, and the Protoangiospermae, and in arriving at 
his conclusions has made much of ontogenetical and teratological evi- 
dence. (For a critique reviewing and rejecting the Stachyosporous theory^ 
cf. Fames, 1951.) 

Little credence has been given to the conjecture presented by Ander- 
son (1934) that the angiosperms may be hybrids of widely divergent 
gymnosperms, but Turrill (1942) has indicated that “it may be that there 
is more truth than most botanists seem to accord to Lotsy’s view . . . 
that hybridization is the key to evolution.” Similarly, it has been held by 
Lawson (1930) that the high ratio of pollen sterility present in endemic 
species in the two dominant dicot families of the Australian flora 
(Myrtaceae and Proteaceae) is evidence of their hybrid origin, and this 
plus other evidence has led him to believe that hybridization and natural 
selection have been the major factors in the evolution of the angiosperms. 
Any favorable consideration of these views requires also reconsideration 
of Goldschmidt’s opinion that major taxa of the angiosperms may have 
arisen directly by mutation. 

The determination of whether the earliest seed plants, and especially 
the earliest angiosperms, were woody or herbaceous (or if each type 
individually may have been ancestral) is basic to any phyletic arrange- 
ment of them. The fossil record is not sufficiently complete to solve or 
to contribute materially to a solution of the problem. Morphologists 
have supported both views. Arber upheld the herbaceous ancestry for the 
angiosperms and contended that the woody habit is “an expression of 
racial senile degeneration”; evidence was amassed from many sources 
by Fames (1911), Sinnott and Bailey (1914), and by Sinnott (1916) in 
support of the primitiveness of the woody habit over the herbaceous. Their 
views have been accepted in principle, or subscribed to independently, 
by an increasing number of botanists, including Arnold, Bessey, Darrah, 
Hallier, Hutchinson, and others.® Acceptance of the view that the woody 
habit preceded the herbaceous demands acceptance also of die view 
that the angiosperms are a polyphyletic taxon, for, as Sinnott and Bailey 
pointed out, “it is quite evident, therefore, that whichever of these two 
classes [i.e., woody or herbaceous angiosperms] is the more recent it 
must have arisen quite independently many different times, and from 
numerous ancient stocks.” Evidence is accruing steadily from all sources 

*^For a review of the evidence in defense of each of the two views, see Darrah, 
pp. 168-172. 
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that supports this view, but not all phylogenists accept polyphyleticism 
for the angiosperms. Both Bessey and Hutchinson have rejected it in favor 
of a monophyletic origin, but others (Lotsy, Hallier, Eames) pointed 
out that from evidence now available there can be no answer to the ques- 
tion of origin of many taxa (e.g., Casuarinaceae, Salicaceae, Leitneria- 
ceae, Proteaceae, to mention a few) other than a polyphyletic one; they 
are families that stand alone and far apart from others with no known 
ancestral relationships or interrelationships. The absence of known 
origins for the angiosperms reduces most phylogenetic views close to the 
level of philosophical speculation. 

The role of vegetative anatomy has been prominent in providing 
valuable evidence for phylogenetic studies of especially the woody 
angiosperms,^^ with much of the research in this country having been done 
by Bailey and his students at Harvard. It has been pointed out by Tippo 
(1946) that extension of tk<rse studies to the herbaceous dicots will “not 
only uncover new phylogenetic sequences but . . . [will] extend the 
lines of specialization already established [for the woody dicots] into this 
relatively virgin territory.” The work by Cheadle (1942) and his students 
on monocot stem anatomy has laid the foundations from which valuable 
phylogenetic results may be expected. 

Opinions have differed as to whether the monocotyledonous plants are 
more advanced or more primitive than the dicotyledonous plants. If the 
view is accepted that the woody habit preceded the herbaceous, then, 
since the vast majority of ancient and modern monocots are herbaceous, 
it would point to the monocots having been derived from one or more 
dicot ancestors. Botanists accepting this view treat the dicots as the more 
primitive. Mrs. Arber has held that the monocots preceded the dicots. 
Current criteria from morphological and anatomical studies of both 
vegetative and reproductive structures would place the monocots as prob- 
ably having been derived from the dicots. There is evidence for the belief 
that the monocots are more likely to be monophyletic in origin than is 
true for the dicots. 

The subject of the phylogeny of vascular plants is not one to give the 
student a sense of satisfaction, for neither a cursory nor an exploratory 
study of it engenders the feeling of having grasped or comprehended a 
segment of scientific knowledge. This regrettable sense of insecurity is 
due in part to the speculative nature of many of its findings or conclu- 
sions, speculations by many botanists^ — based on the same or different 
evidence — and of great diversity. The insecurity will persist as long as ox- 

*®For a critical review and bibliography of this subject, see Tippo (1946). 
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tensivc’gaps exist in our knowledge of the paleontological record. In the 
interim, factual evidence of direct relation to the phylogeny of the 
vascular plants is accumulating. New allegedly phyletic classifications will 
be produced, but it cannot be accepted that the taxonomist will reject 
yesterday’s classification for that of today nor be prepared to set aside 
today’s for tomorrow’s when it arrives. These new and successive classifi- 
cations have their place; they are to be studied, to be tested, and to be 
subjected to critical analysis in the light of the latest available evidence. 
It is a responsibility of the originator of each to insure that each part of 
the new classification be accompanied by adequate discussion of its 
establishment on facts. It should be remembered that the phylogenist is 
dependent on taxonomy to accomplish his objectives, bat that the 
taxonomist can identify, name, and classify his plants satisfactorily with- 
out phylogeny. Turrill has pointed out that, “the study of phylogeny is, 
indeed, not only justifiable as a deduction from the general theory of 
evolution, but in its own inherent right is a subject of great biological 
importance and interest. Historically, classification preceded, and must 
precede, investigations of phylogeny.” 

Much of this chapter, perforce, has treated the subject of phylogeny 
as applied to the major taxa of vascular plants, and in this more attention 
has been focused on the inadequacies of the evidence, the subjectiveness 
of the phylogenist’s approach, and the complexities of the problem. 
It has been emphasized that acquisition of additional paleohotanical evi- 
dence is of paramount importance to the solution of problems associated 
with the origins of flowering plants. The paleontological record is the 
best available evidence of the nature of plants of the past, and while it 
is probably true that other types of evidence are subordinate to it, one 
must remember that evidence of any single type is inadequate of itself. 
The phylogenetic classification must be a synthesis of evidence obtained 
from all sources. 

Most of these phylogenetic considerations serve to acquaint one with 
the situation rather than to instruct on the subject. The solution of 
phyletic problems as associated with the higher levels of classification 
is not one to confront the average student of taxonomy. However, there 
are many problems of phylogeny that do confront the taxonomist. They 
deal with phylogeny of and within the family, the genus, and the species. 
There are many approaches to solutions of the origin and evolution of 
these taxa, and they confront anyone engaged in revisionary or mono- 
graphic research. The increase in exploration of these approaches prom- 
ises to make more correlations available to the resolution of phyletic 
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relationships and affinities. The birth of this stage of phylogeny will 
engender more confidence in the classification produced. 
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CHAPTKB VI 


CURRENT SYSTEMS OF CLASSIFICATION 


Botanists throughout the world currently are using one of five basic 
systems of plant classification, or modifications of them.^ It may seem at 
first that this is an unnecessarily large number when each is a more or 
less systematic presentation of the same families and genera, but examina- 
tion of the situations usually indicates that there is reason for the 
variety. Systems are chosen for use for one of several reasons, including 
(1) the precedent established by large herbaria that tend to dominate 
the practices of subordinate groups under their influence, ( 2 ) the in- 
fluence of standard floras and manuals, and (3) the degree to which a 
particular system may lend itself to the needs of the botanist. Specimens 
are arranged within a herbarium according to a particular system, and 
when that herbarium is large the change from one system to another 
may be a stupendous undertaking and scarcely justified unless there is 
some approach to permanence. Floras of large areas are prepared by pro- 
fessional taxonomists who usually are associated with a center of taxo- 
nomic research. The classification accepted at that center is usually em- 
ployed in the flora, and through the widespread influence of the flora and 
of students trained at that center, the classification often dominates the 
area. These two reasons, individually or in conceft, may account for the 
general use of the Bentham and Hooker classification in the British Com- 
monwealth, the Engler system in the eastern half of the United States, 
and the Bessey system in the north central part of this country. In other 
instances, progressive and alert systematists have recognized the phyletic 
inadequacies of these systems, and for pedagogical reasons have adopted 
the Hutchinson system or modernized versions of older systems. The 
trend in this country is increasing in the direction of abandonment of the 
Engler system by the teaching taxonomist, while the Engler system is re- 

‘ They are the systems of Bentham and Hooker, Engler, Bessey, Hutchinson, anrf 
Tippo. The latter has not been developed to date below the level of Class, and in other 
countries the systems by Pulle and by Skottsberg are accorded equal if not greater 
acclaim. 
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revision of the classification of those apetalous taxa that comprised the 
Monochlamydeae. The gymnosperms were treated as a third taxon col- 
lateral with and placed between the dicots and monocots. While this may 
appear to be inconsistent with current knowledge of the subdivision (and 
much of which was then known) it was an advance over the treatment 
of them by de Candolle, who had distributed the conifers among well- 
defined taxa of dicots. 

Table 1. Distribution of taxa in Bentham and Hooker's Genera plantarum 


Dicotyledons 

ORDERS 

(Families) 

GENERA 

SPECIES 

(Estimated) 

Polypetalae 

82 

2,610 

31,874 

Gamopctalae 

45 

2,619 

34,556 

Monochlamydeae 

36 

801 

11,784 

Gymnospermae 

3 

44 

415 

Monocotyledons 

34 

1,495 

18,516 

Total 

200 

7,569 

97,205 


One of the most valuable contributions of this work is the descriptions 
of taxa of all levels, for, as Bentham stated (1883), “The descriptions 
in the ‘Flora’ are drawn up from the actual examination of speci- 
mens. . . . Nothing in my work is merely copied, except in a very few 
cases where the material at my disposal was insufficient, and where I 
have specially referred to my authority.” This originality has elevated 


Fig. 10. Sir Joseph D\lion Hooker, 
1817-1911. 

Sketch by M. E. Ruff, from photograph, cour- 
tesy of the New York Botanical Garden. 
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the work to a level of its own, since all subsequent classification systems 
are compilations from the literature. Because the generic descriptions 
were based on direct observations of one or the other of the authors, 
they became models of accuracy. The greater part of the work was by 
Bentham, who devoted nearly 27 years to his share of the contribution, 
and Table II indicates the division of authorship by taxa (data from 
Bentham, 1883). 


Table 11. Authorship of taxa in Bentham and Hooker's Genera plantarum 


Dicotyledons 

Polypetalae 

Thalamiflorae 

G. BENTHAM 

All others 

J. D. HOOKER 

Cruciferae 

Capparideae 

Resedaceae 

Disciflorae 

Lineae 

Humiriaceae 

Geraniaceae 

Olacineae 

All others 

Calyciflorae 

Leguminosae 

Myrtaceae 

Umbelliferae 

Araliaceae 

All others 

Gamopetalae 

Inferae 

Heteromerae 

Bicarpellatae 

Asterales 

Campanales 

Ebenales (most) 

All 

Rubiales (most) 

Ericales 

Primulales (most) 
Sapotaceae (some) 

Monochlamydeae 

All others 

Nyctagineae to Batideae 
Nepenthaceae, Cytinaceae 
Balanophoraceae 

Gymnospermeae 

All 


Monocotyledons 

Orchideae 

Gramineae 

All others 

Palmae 

Nudiflorae, Apocarpae 


Engler and Prantl 

Adolph Engler and Karl A. E. Prantl are names associated with the sys- 
tem developed originally by Eichler (about 1875) and modified by Engler 
and his associates (see Chapter III). It is accepted generally as the first of 
several allegedly phylogenetic svstems, but study of Engler’s explanatory 
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remarks (1897) indicates that while he distinguished between primitive 
and advanced conditions and accepted to a degree th ej^rinciple of simp lic- 
ity bv reduction, h e did not consider that his system was a truly phyloge- 
nefc clas sificatjoa. This was pointed out by Turrill (1942, p. 671 ), who 
wrote “Engler’s system does not claim to be phylogenetic in the complete 
sense but to show in its sequence of groups progressive c omp lexity o f 
structure, .apart from accepted subordinate reductions.” In this connection, 
lEngler stated [translation by Uline, 1898], ‘The sequence of series and 


Fig. 11. Adolph Engler, 1844-1930. 

Sketch by M. E. Ruff, fr«fm photograph, 
courtesy the New York Botanical Garden. 



families is treated with special reference to the progressive steps which are 
manifested in floral structure, fruit and seed development, and differenti- 
ation of tissue.” In other words, Engler attempted to devise a system that 
had the utility and practicality of a natural system based on form relation- 
ships and one that was compatible with evolutionary principles. He con- 
sidered the angiosperms to have had a polyphyletic origin from an un- 
known and hypothetical taxon of extinct gymnosperms, and that “a 
great number of parallel series came into existence from the begin- 
ning . . Some of Engler’s evolutionary concepts were colored by an 
admixture of Lamarckism, as evidenced by his statement that “in those 
series in which wind-pollination prevailed ... a highly developed 
corolla, having no particular value, stood no chance of transmission to 
the generation following.” The Engler classification remained essentially 
unchanged, aside from position changes of a few small families, in all 
eleven editions of his Syllabus. The sequence followed in the eleventh 


(and last) edition, prepared by Diels (1936), is that followed in Part II 
of this text. 

Many evaluations of the merits and demerits of the Engler system have 
been published. Phylogenists who deprecate its basic tenets (as presented 
on pp. 34-35) sometimes fail to realize that the system was not con- 
ceived to be phylogenetic in the modern sense. There is a logical sequence 
of form relationships in the arrangement of its larger taxa; the steps of 
seemingly simple structures placed at the lower phyletic levels, super- 
posed by continuing steps of seemingly more complex structures is pur- 
poseful albeit superficial. This concept of a structure, polyphyletic in 
origin, of parallel series of steps is borne out by Engler’s groupings of 
flowering plants on the premises that evolutionary lines progressed fron' 
apetaly to polypetaly and gamopetaly, apocarpy to syncarpy, hypogyny ti 
epigyny, and actinomorphy to zygomorphy. The system is not defensibl 
as a phylogenetic classification, but because of the vast literature tha 
has adopted its principles it has made an impress for half a century that 
will not rapidly be displaced. 

Rendle 

Alfred Barton Rendle (1865-1938) published a classification that 
was patterned after the Engler system, but differed from it in a few 
more or less minor features. Like Engler, he treated the monocots as 
more primitive than the dicots, but the Palmae were treated as a separate 
order, the Principes, considered to be the primitive family of the Spadi- 
ciflorae with the Aroideae (i.e., Araceac) and Lemnaceae advanced taxa 
in the same order. In a number of instances Rendle omitted families or 
orders (as the Aponogetonaceae, Triuridales, Butomaceae, Cyclan- 
thaceae, et al . ) . In the disposition of the dicots, Rendle’s system diverges 
more markedly from that of Engler, and like the latter he made no claim 
that it was strictly phylogenetic but rather that the orders were “grouped 
in three grades which correspond to grades of differentiation in the 
floral structure.” Plants in the first grade (Monochlamydeae) included 
orders with a simple type of flower and he noted that “some may be 
reduced forms, the affinities of which are to be sought in the higher 
grades . . . [with others] representing lines of development from earlier 
extinct groups.” In the second grade (Dialypetalae) the orders were 
arranged in ascending sequence, starting with the Ranales with many 
spirally arranged parts to the Umbelliflorae with cyclic and reduced parts. 
The third grade (Sympetalae) comprised orders that represented “still 
higher grades of floral development which have sprung from various 
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dialypetalous groups.” Rendle postulated polyphyletic origins for com- 
ponents of each of these grades. He placed emphasis on wind vs. insect 
pollination as phyletic criteria, and considered that generally the woody 
habit was more primitive than the herbaceous. Rendle was cautious in 
placing many taxa, noting that the evidence for many of his views was 
liometimes circumstantial or even conjectural. One of the more significant 
Inerits of the two-volume work lies in the clarity and completeness of 
descriptions, the recording of exceptions to the rule, the discussions of 
relationships, and the historical presentation of earlier classifications. 

Wettstein 

Richard von Wettstein (1862-1931) originated a system that was 
based on many of the primary dicta of the Engler system, but was the 
more nearly phylogenetic classification. Like Engler, Wettstein believed 
that among the angiosperms the bisexual and perianthed flower had 
evolved from ancestors whose flowers were unisexual and naked. He 
treated the angiosperms as descended from the gymnosperms via the Gne- 
tales, or ancestral stocks closely allied to them, and believed that the 
vascular cryptogams were ancestral to the gymnosperms. In his arrange- 
ment of angiosperm families and orders he departed further from the 
Engler system than did Rendle, demonstrated greater acumen, and took 
cognizance of a larger range of data (including serological) than did 
either Engler or Rendle. It is considered generally that among those sys- 
tems accepting apetaly as a primitive condition, the system of Wettstein 
more closely approaches phyletic realities than does that of Engler or 
Rendle. Wettstein differed from Engler in considering the dicots more 
primitive than the monocots (the latter to have been derived from rana- 
lian stocks). In general, Wettstein considered functionless reproductive 
organs or parts as evidence of reduction, survival by possession of adap- 
tive modifications (as in Sarraceniaceae) to indicate advancement, woody 
plants to be more primitive than herbaceous, many-flowered inflo- 
rescences to be more primitive than few or solitary flowered types, and 
the spiral arrangement of parts to have preceded the cyclic. 

The system has never been accepted widely in this country. However, 
it is significant to note that in addition to treating the monocots as derived 
from ranalian ancestors, Wettstein’s treatment of the monocot families 
departs markedly from Engler’s in that the polycarpic Heliobiae are con- 
sidered primitive, with the ancestors of Alismaceae and Butomaceae in- 
terpreted to have been ancestral also to the monocots; the grasses and 
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aroids) and Pandanales (bur reed and cattails) were treated as the most 
advanced of all monocots, preceded by the Gynandrae (orchids). Similar, 
but less conspicuous divergences are to be noted in the dicots, where 
the Cactaceae are allied with the Aizoaceae in the Centrospermae, and 
the Tricoccae (Euphorbiaceae, et al.) placed between the Centrospermae 
and Hamamelidales; and the Parietales (violets, sundews, begonias, etc.) 
transferred to a position beside or slightly advanced over the Rhoeadales 
(poppies), and these followed by the Guttiferales and Rosales. The 
Myrtales are moved to a position intermediate between the Rosales anc 
Columniferae (mallows), with the latter followed by the Gruinales (Gei 
aniales of Engler) and Terebinthales. Wettstein’s interpretation of rela 
tionships within the Sympetalae does not differ significantly from tha 
of Engler. On the whole, Wettstein’s classification is one of considerabL 
merit, and many of his conclusions of phyletic relationships have beer 
adopted in subsequent classifications. 

Pulle 

August A. Pulle (born 1878) of the Utrecht Botanical Museum and 
author of the current Flora of Surinam, published (1938) a modification 
of the Engler classification of seed plants. He accepted the Spermatophyta 
to be a division, but rejected the Englerian concept that it was composed 
of 2 subdivisions (Gymnospermae and Angiospermae), treating it in- 
stead to contain 4 collateral subdivisions (Pteridospermae, Gymno- 
spermae, Chlamydospermae, and Angiospermae). The last were divided 
into the monocots and dicots, with the orders of the latter placed in 8 
series. In a revision (1950), he merged the Cactales with the Centro- 
spermae, moved the Proteales from a position near the Santalales to one 
treating them as derivative of the Thymelaeales and derived the latter 
from the Myrtales; the Terebinthales were broken up into the Mal- 
pighiales. Polygales, Rutales, Sapindales, and Balsaminales; and the 
highly advanced series composed of the Tubiflorae and its satellite orders 
was held to be disjunctive from the others with no definite line of 
derivation indicated. The organization of the revised system of Pulle is 
as follows: 

Pteridospermae (a subdivision of 2 extinct families) 

Gymnospermae 
Cycadinae (Class) 

Bennettitinae (extinct) 

Cordaitinae (extinct) 

Ginkyoinae 

Coniferae # 

(Araucariales. Podocarpales, Pinales, Cupressales, and Taxales) 
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Chlamydospermae 

Gnetales ( Ephedraceae and Gnetaceae), Wdwitchiales 
Angiospermae 

Monocotyledoneae 

Spadiciflorae, Pandanales, Helobiae, Triuridales. Farinosae, Liliiflorae, 

Cyperales, Glumiflorae, Scitamineae, Gynandrae 

Dicotyledoneae 
Series I 

Casuarinales, Piperales, Salicales, Garryales, Leitneriales, Juglandales, 

Julianales, Myricales, Balanopsidales, Hydrostachyales, Fagales, Urticales, 

Centrospermae, Polygonales, Plumbaginales, Primulales 
Series II 

Santalales, Balanophorales 
Series III 

Hamamelidales, Ranales, Ebenales 
Series IV 

Aristolochiales, Rosales, Podostemales, Myrtales, Thymelaeales, Proteales 
Series V 

Rhoeadales, Batidalc... Sanaceniales, Parietales, Cuciirbitales, Guttiferales, 

Diapensiales, Ericales,' Tampanulatae 
Senes VI (derived from the Rosales) 

Pandales, Malvales. Tricoccae, Geraniales, Malpighiales, Polygales, Rutales, 

Sapindales, Balsaminales, Rhamnales 
Series Vll (derived from the Sapindales) 

Celastrales, Umbel liflorae, Rubiales 
Series VIII 

Ligustrales, Contortac, Tubiflorae, Plantaginales, Callitrichales, Hippuridales 

The classification by Pulle of the gymnospcrms (including his 
Chlamydospermae) is in closer accord with modern phyletic opinion 
than is that by most other authors, and in his explanation of his system 
he suggested that perhaps the seven families of the old Coniferae may 
represent 7 rather than 5 orders. 

Ihe angiosperm classification, while patterned (for the dicots) after 
that of Wettstein, was original in a number of respects. Pulle has devel- 
oped the growing opinions that the Monochlamydeae and the Sympetalae 
are not natural taxa, and because of the presumed polyphyletic origin of 
the latter h^s rearranged its component families as indicated above. In 
presenting the outline of his early classification Pulle wrote (1937): 

Whilst I suppose that most taxonomists will agree with me as regards the con- 
nection Ranales-Rosales-Myrtales, some of them may object to the position and 
the connections of the Tricoccae and many will even think the connections Ranales- 
Ebenales, Rhoeadales-Batidales, Tnhifiorae-Callitrichales and Tubiflorae-Hippuri- 
dales rather doubtful. As regards the latter two orders we have to keep in mind 
that placing them with the Tricoccae or with the Myrtales, has satisfied nobody and 
that a number of their characters rather point to a relationship with the Tubiflorae, 
So we do better to accept them as strongly reduced forms at the end of a series 
than to give them a place to which they certainly have no right. 
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Skottsberg 

Carl Skottsberg (born 1880) Professor of Botany at Goteborg, 
Sweden, devised for the plant kingdom a modification of the Engler 
classification, utilizing some concepts embodied in Wettstein’s system, 
that served the basis of his Vdxternas Liv (vol. 5, 1940) . His treatment of 
the pteridophytes and gymnosperms was conventional except that the 
class Gnetinae was made a collateral of the Coniferae and comprised the 
unifamilial orders Ephedrales, Welwitschiales, and Gnetales. Of the 
angiosperms, he interpreted the monocots to have been evolved from an 
unknown primitive dicot, and in both taxa treated apocarpy and poly- 
carpy as primitive, with syncarpy and monocarpy as advanced (an excep- 
tion being the Casuarinaceae, which he placed at the beginning of the 
dicots but not as ancestral to other dicots). The apetalous families were 
viewed to have been of polymorphic origin and were redistributed from 
the positions accorded them by Engler, Wettstein, and Pulle. Skottsberg’s 
disposition of the dicot orders was as follows: 

Choripetalae 

Verticillatae (Casuarinaceae) 

Polycarpicae (Ranales), Aristolocbiales, Nepenthales, Sarraceniales, Piperales, 
Polygonales, Centrospcrmac, Cactales, Rhoeadales, Parietales, Cucurbitales, 
Guttiferales, Rosales, Podostemonales, Hydrostachyales, Myrtales, Hamameli* 
dales, Salicales, Garryales, Myricales, Balanopsidales, Leitneriales, Juglandales, 
Julianales, Fagales, Batidales, Urticales, Proteales, Santalales, Balanophorales, 
Columniferae (Malvales), Tricoccae, Callitrichales, Gruinales (Geraniales), 
Pandales, Terebinthales, Polygalales, Sapindales, Celastrales, Rhamnales, Urn- 
belliflorae 

Sympetalae 

Plumbaginales, Primulales, Bicornes, Diospyrales, Tubifiorae, Contortae, Ligus- 
trales, Plantaginales, Rubiales, Campanulatae, Synandrae 

Skottsberg differed from both Engler and from Wettstein and adopted 
some of the views of the Benthamian-Bessey school, as indicated by the 
transfer of the amentiferae to a position following the Rosales, and dif- 
fered from Pulle in retaining the Primulales in the Sympetalae. However, 
he did not follow the more current views of those anatomists and mor- 
phologists who distribute the amentiferous families (or orders) among 
the various petaliferous families to which they are alleged to have 
closer affinities than they do (with some exceptions) to each other. This 
classification is, in many respects, more balanced than others reviewed 
to this point, and has the merit over that by Pulle, of presenting a seem- 
ingly more realistic revision of the monocots as well as of most of the 
dicots. 
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from 3 lines of investigation: historical (paleobotanical), ontogenetical 
(including embryology), and the morphological studies of homologies. 
Bessey subscribed to the strobiloid theory of origin of the angiosperm 
flower. This postulated that the flower originated from a vegetative shoot 
in which some of the spirally arranged phy Homes (dorsiventrally com- 
pressed foliaceous branch systems) were modified and functioned as 
reproductive organs (the upper sterile ones developing into perianth 
parts, the adjoining distal phyllomes bearing microsporangia and develop- 
ing into the androecium (stamens), and the uppermost ones bearing 
megasporangia (marginal or submarginal ovules) and by their infolding 
as distinct organs became a gynoecium of many distinct pistils. From this 
primitive strobiloid flower he concluded (1897) that a modern angio- 
sperm flower “in which the phyllomes are the least modified must be 
regarded as primitive, ... the simple pistil developed from a single 
phyllome is primitive . . . [and] th^ several-seeded, compound ovary 
must be lower [in evolutionary position] and the compound ovary with 
but one seed must be higher. ... So too when all parts of the flower 
are separate it is a primitive condition, and when they are united it is a 
derived structure.” To these tenets he added two more, based on the direc- 
tion of fusion of parts: by one the fusion of parts was lateral or transverse 
(across the flower) and involved adnation of unlike parts (as in the 
formation of a hypanthium or in the development of an inferior ovary), 
by the other the fusion was horizontal and usually involved connations of 
like parts (as in syncarpy, monadelphy, gamopetaly) and both types of 
fusion would be in the most highly advanced taxa.^ 

The ranalian plants or their ancestors were considered the primitive 
angiosperms. One branch gave rise to the monocots, with the dicots 
interpreted to have bifurcated early into two primary evolutionary lines, 
the rosalian line (Cotyloideae) characterized principally by transverse 
adnations of unlike parts, and the ranalian line (Strobiloideae) char- 
acterized by vertical connations of like parts (see Fig. 13). 

Disposition of angiosperm families according to the Bessey classi- 
fication 

Class, Altcrnifoliae (Monocotylcdoneae) 

Subclass, Strobiloideae 
Order Alismatales 

1, Alismataceae; 2, Biitomaceae; 3, Triuridaceae; 4, Scheuchzeriaceae; 

* Bessey (1915) also enumerated 28 dicta on which his classitication was predicated. 
Numbers preceding family names are those employed by Bessey (1915) and, while 
providing a linear sequence for bookkeeping purposes, do not of necessity imply a 
phyletic sequence within the order. Spelling of family names are taken directly from 
Bessey. 
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5, Typhaceae; 6, Sparganiaceae; 7, Pandanaceae; 8, Aponogetonaceae; 9, 
Potamogetonaceae 
Order Li Hales 

10, Liliaceae; 11, Stemonaceae; 12, Pontederiaceae; 13, Cyanaslraceae; 
14, Philydraceae; 15, Commelinaceae; 16, Xyridaceae; 17, Mayacaceac; 
18, Juncaceae; 19, Enocaulonaceae; 20, Thurniaceae; 21, Rapataceae; 22. 
Naiadaceae 
Order Arales 

23, Cyclanthaceae; 24, Araceae; 25, Lemnaceae. 

Order Palmales 

26, Palmaceae 
Order Graminales 

27, Restionaceae; 28, Centrolepidaceae; 29, FlageUariaceae; 30, Cypera- 
ceae; 31, Poaceae 

Subclass, Cotyloideae 
Order Hydrales 

32, Vallisneriaceae 
Order Iridales 

33, Amaryllidaceae; 34, Haemodoraceae; 35, Iridaceae; 36, Velloziaceae; 
37, Taccaceae; 38, Dioscoreaceae; 39, Bromeliaceae; 40, Musaceae; 41, 
Zingiberaceae; 42, Cannaceae; 43, Marantaceae 

Order Orchidales 

44, Burmanniaceae; 45, Orchidaceae 

Class, Oppositifoliae (Dicotyledoneae) 

Subclass, Strobiloideae 
Superorder Apopetalae-Polycarpellatae 
Order Ranales 

46, Magnoliaceae; 47, Calycanthaceae; 48, Monimiaceae; 49, Cercidiphyl- 
laceae; 50, Trochodendraceae; 51, Leitneriaceae; 52, Anonaceae; 53, 
Lactoridaceae; 54, Gomortegaceae; 55, Myristicaceae; 56, Sauniraceae; 
57, Piperaceae; 58, Lacistemaceae; 59, Chloranthaceae; 60, Ranuncula* 
ceae; 61, Lardizabalaceae; 62, Berberidaceae; 63, Menispermaceae; 64, 
Lauraceae; 65, Nelumbaceae; 66, Cabombaceae; 67, Ceratophyllaceae; 
68, Dilleniaceae; 69, Winteranaceae. 

Order Malvales 

70, Sterculiaceae; 71, Malvaceae; 72, Bombaceae; 73, Scytopetalaceae; 
74, Chlaenaceae; 75, Gonystylaceae; 76, Tiliaceae: 77, Elaeocarpaceae; 
78, Balanopsidaceae; 79, Ulmaceae; 80, Moraceae; 81, Urticaceae 
Order Sarraceniales 
82, Sarraceniaceae; 83, Nepenthaceae 
Order Geraniales 

84, Geraniaceae; 85, Oxalidaceae; 86, Tropaeolaceae; 87, Balsaminaceae; 
88, Limnanthaceae; 89, Linaceae; 90, Humiriaceae; 91, Erythroxylaceae; 
92, Zygophyllaceae; 93, Cneoraceae; 94, Rutaceae; 95, Simarubaceae; 96, 
Burseraceae; 97, Meliaceae; 98, Malpighiaceae; 99, Trigoniaceae; 100, 
Vochysiaceae; 101, Polygalaceae; 102, Tremandraceae; 103, Dichapetala- 
ceae; 104, Euphorbiaceae; 105, Callitrichaceae 
Order Guttiferales 

106, Theaceae; 107, Cistaceae; 108, Guttiferaceae; 109, Eucryphiaceae; 
110, Ochnaceae; 111, Dipterocarpaceae; 112, Caryocaraceae; 113, Quiina- 
ceae; 114, Marcgraviaceae; 115, Flacourtiaceae; 116, Bixaceae; 117, Coch- 
lospermaceae; 118, Violaceae; 119, Malesherbiaceae; 120, Turneraceae; 
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121, Passifloraceae; 122, Achariaceae; 123, Caricaceae; 124, Stachyura- 
ceae; 125, Koeberliniaceae 
Order Rhoeadales 

126, Papaveraceae; 127, Tovariaceae; 128, Nymphaeaceae; 129, Moringa- 
ceae; 130, Resedaceae; 131, Capparidaceae; 132, Brijissicaceae 
Order Caryophyllales 

133, Caryophyllaceae; 134, Elatinaceae; 135, Portulacaceae; 136, Aizoa- 
ceae; 137, Frankeniaceae; 138, Tamaricaceae; 139, Salicaceae; 140, 
Podostemonaceae; 141, Hydros tachydaceae; 142, Phytolaccaceae; 143, 
Basellaceae; 144, Amaranthaceae; 145, Chenopodiaceae; 146, Polygo- 
naceae; 147, Nyctaginaceae; 148, Cynocrambaceae; 149, Batidaceae 
Superorder Sympetalae-Polycarpellatae 
Order Ebenales 

150, Sapotaceae; 151, Ebenaceae; 152, Symplocaceae; 153, Styracaceae; 

154, Fouquieriaceae 
Order Ericales 

155, Clethraceae; 156, Ericaceae; 157, Epacridaceae; 158, Diapensiaceae; 
159, Pirolaceae; 160, Lennoaceae 

Order Primulales 

161, Primulaceae; 162, Plantaginaceae; 163, Plumbaginaceae; 164, Myrsi- 
naceae; 165, fbeophrastaceae 
Superorder Sympetalae-Dicarpellatae 
Order Gentianales 

166, Oleaceae; 167, Salvadoraceae; 168, Loganiaceae; 169, Gentianaceae; 
170, Apocynaceae; 171, Asclepiadaceae 
Order Polemoniales 

172, Polemoniaceae; 173, Convolvulaceae; 174, Hydrophyllaceae; 175r 
Borraginaceae; 176, Nolanaceae; 177, Solanaceae 
Order Scrophulariales 

178, Scrophulariaceae; 179, Bignoniaceae; 180, Pedaliaceae; 181, Marty- 
niaceae; 182, Orobanchaceae; 183, Gesneriaceae; 184, Columelliaceae; 
185, Lentibulariaceae; 186, Globulariaceac: 187, Acanthaceae 
Order Lamiales 

188, Myoporaceae; 189, Phrymaceae; 190, Verbenaceae; 191, Lamiaceae 
Subclass Cotyloideae 
Superorder Apopetalae 
Order Rosales 

192, Rosaceae; 193, Malaceae; 194, Prunaceae; 195, Crossosomataceae; 
196, Connaraceae; 197, Mimosaceae; 198, Cassiaceae; 199, Fabaceae; 
200, Saxifragaceae; 201, Hydrangeaceae; 202, Grossulariaceae; 203, Cras- 
sulaceae; 204, Droseraceae; 205, Cephalotaceae; 206, Pittosporaceae; 
207, Brunelliaceae; 208, Cunoniaceae; 209, Myrothamnaceae; 210, Bruni- 
aceae; 211, Hamamelidaceae; 212, Casuarinaceae; 213, Eucommiaceae; 

214, Platanaceae 
Order Myrtales 

215, Lythraceae; 216, Sonnerataceae; 217, Punicaceae; 218, Lecythi- 
daceae; 219, Melastomataceae; 220, Myrtaceae; 221, Combretaceae; 222, 
Rhizophoraceae; 223, Oenotheraceae; 224, Halorrhagidaceae; 225, Hip- 
puridaceae; 226, Cynomoriaceae; 227, Aristolochiaceae; 228, Rafflesiaceae; 

229, Hydnororaceae 
Order Loasales 

230, Loasaceae; 231, Cucurbitaceae; 232, Begoniaceae: 233, Datiscaceae; 
234, Ancistrocladaceae 
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Order Cactales 

235, Cactaceae 
Order Celastrales 

236, Rhamnaceae; 237, Vitaceae; 238, Celastraceae: 239, Buxaceae*, 240, 
Aquifoliaceae; 241, Cyrillaceae; 242, Penlaphyllaceae; 243, Corynocar- 
paceae; 244, Hippocrataceae; 245, Stackhoiisiaceae; 246, Staphyleaceae; 
247, Geissolomataceae; 248, Penaeaceae; 249, Oliniaceae; 250, Thyme- 
laeaceae; 251, Hernandiaceac; 252, Elaeagnaceae: 253, Myzodendraceae; 
254, Santalaceae; 255, Opiliaceae; 256, Grubbiaceae; 257, Olacaceae; 258, 
Loranthaceae; 259, Balanophoraceae 

Order Sapindales 

260, Sapindaceae; 261, Hippocastanaceae; 262, Aceraceae; 263, Sabiaceae; 
264, Icacinaceae; 265, Melianthaceae; 266, Empetraceae; 267, Coriari- 
aceae; 268, Anacardiaceae; 269, Juglandaceae; 270, Betulaceae; 271, 
Fagaceae; 272, Myricaceae; 273, Julianaceae; 274, Proteaceae 
Order Umbellales 

275, Araliaceae; 276, Apiaceae (Umbelliferae); 277, Cornaceae 
Superorder Sympetalae 
Order Rubiales 

278, Rubiaceae; 279, Caprifoliaceae; 280, Adoxaceae; 281, Valerianaceae; 

282, Dipsacaceae 
Order Campanulales 

283, Campanulaceae (incl. Lobelia); 284, Goodeniaceae; 285, Stylidaceae; 

286, Calyceraceae 
Order Asterales 

287, Helianthaceae; 288, Ambrosiaceae; 289, Heleniaceae; 290, Arctoti- 
daceae; 291, Calendulaceae; 292, Inulaceae; 293, Asteraceae; 294, Ver- 
noniaceae; 295, Eupatoriaceae; 296, Anthemidaceae; 297, Senecionidaceae; 
298, Carduaceae; 299, Mutisiaceae; 300, Lactucaceae 

The Bessey system has received increasing support in recent years, 
and while no large herbaria arrange their material in accordance 
with its classification, it has been employed in a few manuals and 
floras and does lend itself to pedagogical requirements better than its 
predecessors. Much more information of a phylogenetic nature is now 
available than was known a quarter century ago, with the result that his 
system as of 1915 is scarcely more correct than several others, and by 
some botanists is held to be less phylogenetic than that of Skottsberg. 
Information is currently available, and more is being added, to enable the 
synthesis of a system of classification superior to that of Bessey. There 
is good reason to believe that an improved and modified Bessey system, 
expanded to account for the entire plant kingdom, will be formulated 
within the next decade or two. 

Hallier 

Hans Hallier (1868-1932), of Hamburg and Leyden and a student 
of Haeckel, presented a system of classification designed to be phy- 
logenetic and based primarily on study of herbarium material and the 



CURRENT SYSTEMS OF CLASSIFICATION 


131 


literature, but taking cognizance of ontogenetical observations and avail- 
able paleobotanical evidence.** He considered the seed plants to comprise 
2 phyla, each monophyletic, and derived the angiosperms from an un- 
known and extinct tribe of cycads situated near or descended from the 
Bennettitales, admitting affinities with the Marattiales. The conifers 
(with which were merged the ginkgo and the taxads) were derived from 
the Cycadaceae or from stocks immediately ancestral to them. 

( The monocots were treated as more advanced than the dicots and to 
have been derived from extinct (and presumably unknown?) stocks 
ancestral to the Lardizabalaceae. In the classification of both the dicots 
and monocots Hallier followed independently the diet.? established by 
Bessey that recognized the strobiloid type of flower as primitive, and 
held polycarpy and the spiral arrangement of parts to be primitive over 
syncarpy and cyclic arrangements. Some of his conceptual differences 
from the dicta set foith by Bessey may be ascribed to his emphasis on 
characters as (cf. 1912 reference) (a) branching sparse but robust as 
opposed to deliquescent types, (b) entire simple leaves that are coria- 
ceous and have pinnate venation as being more primitive than other types, 
and (c) flowers large, solitary, and terminal as opposed to compound 
inflorescences of small or minute flowers. He placed more significance 
on ovule morphology and position than have most other phylogenists. 
He had little patience with the Engler classification, and demonstrated 
the inadequacies of the one by Bentham and Hooker. It is clear that 
while his classification has some features in common with that of 
Bessey, the two developed independently. 

The dicots were considered older and more primitive than the mono- 
edts, with all dicots derived through the orders of his Proterogenes (which 
included the Magnoliaceae). As a taxon, the dicots were interpreted to 
be composed of 4 primary subdivisions containing 29 orders:' (1) the 
Proterogenes (Ranales [excluding Magnoliaceae], Nepenthales, Caryo- 
phy Hales, Piperales, and Aristolochiales ) ; (2) the Anonophylales (Anon- 
ales [including Magnoliaceae], Hamamelidales, Umbellales, Campanu- 
lales, Columnales [MalvalesJ); (3) the Rhodophyles (Cruciales [Cap- 
paridales], Gruinales [Geraniales], Aesculales [Sapindales and Legu- 
minosae], Terebinthales, Proteales, Rosales, Rhamnales); and (4) the 

Hallier published numerous papers on his classification, including two major revisions. 
Material incorpoialed in the treatment of this chapter has been taken largely from his 
paper of 1912, and it should be noted that the phylogenetic ideas and the classification 
presented in this paper are much more detailed and veiy different from those in the 
more commonly cited and brief account of his classification (in English) of 1905. 

In many instances Hallier assigned endings to ordinal names not the oldest nor in 
conformity with the Rules, and these have been altered here to the conventional -ales. 
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Ochnigenes (Guttales, Passionales, Peponiferes [cucurbits, begonias, 
datiscas]. Polygales, Daphnales, Myrtales, Bicornes, Primulales, San- 
tales, Sapotales, Tubiflores, Rubiales). In this classification (see Fig. 14) 
he treated most of the amentiferae (including the Casuarinaceae ) as 
‘‘reduced descendants of Pistacia-like Terebinthaceae and not descendants 
of Hamamelidaceae” with the Salicaceae as reduced descendants of 
Flacourtiaceae, and the Juglandaceae as derived from anacardiaceous 
ancestors. The Cactaceae were allied with the Aizoaceae, the Plumbagin- 
aceae (but not the Primulales) with the Caryophyllaceae, the Hama- 
melidales derived from the Magnoliaceae, the Umbelliflorae from the 
Hamamelidaceae, and the Cucurbitaceae from the Passifloraceae. 

The treatment of the monocots as projected, but incomplete, in his 
1905 version gave promise of being in closer agreement with present 
opinions than was the more complete and somewhat scrambled as- 
semblage in the 1912 revision. It is significant to note, however, that he 
recognized the Amaryllidaceae to be an unnatural taxon and subdivided 
it into the Agavaceae, Alstroemeriaceae, and the Amaryllidaceae (de- 
rived from the Allioideae of Liliaceae). Likewise he separated the 
Gramiaeae and Cyperaceae into different orders with several other 
families associated with each (see Fig. 14). 

The value of the Hallier classification lies not so much with the over- 
all arrangement as with the insight displayed in the realignment of genera 
and families from that of the previous systems of Engler and of Bentham 
and Hooker, and for the influence his work has had on subsequent 
phyletic proposals. It is a classification that must be consulted for the 
ideas expressed, and frequently one finds situations indicative of possible 
or probable relationship that others have overlooked. 

Hutchinson 

John Hutchinson, the author of the classification bearing his name, 
presented his first comprehensive vepion of his presum ed .^ylQ genetic 
arrangement in his 2-volume classic fam ilies bi 
34) . Later he published his revised concepts in his booLffl^A 
i^jiarU^(l94S ) from which has been drawn much of the material 
presenfecT In' the following treatment. ^ ^ 

The gymnosperms were treated as a lineal jmopQphvleticJ series^ in 
ascending sequence from the primitive Cycadaceae, Ginkgoaccae, Taxa- 
ceae, Pinaceae, to the Cupressaceae (although it was conceded that the 

»For a brief summary of Hutchinson and his classification, sec that in Chapter III, 
pp. 36-37. 
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Araucarieae “may have been evolved independently”), and no cognizance 
seems to have been taken of studies on their phylogeny as published 
during the last two decades. 

Hutchinson’s primary contributions have been his phylogenetic studies 
of the angiosperms, a group he considered monophyletic and whose 
origin he was content to leave in the hypothetical proangiosperms of 


Fig. l5. John Hutchinson, 1884-- 
Sketch by M. E. Ruff, from photograph, 
courtesy J. Hutchinson. 



Arber and Parkin. His basic phyletic principles paralleled those of 
Bessey, with a few very significant exceptions. In his initial subdivision of 
the angiosperms the^hcrbaccous representatives ^Ranales) formed the 
stem of one evolutionary line (the Herbaceae) and the woody representa- 
tives (Magnoliales) formed the stem of the second line (the Lignosae). 
In defending this basis for his major cleavage, Hutchinson wrote ( 1948, 
p. 7), 

In addition, he [the author] now has the courage of his convictions with respect 
to the recognition of two main phyla in the Dicotyledons, the one fundamentally 
and predominately woody, the other fundamentally and predominately herbaceous, 
and the families have been rearranged in accordance with this view, in the belief 
(hat they have in nature developed on parallel lines. 
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In refutation of earlier criticisms that he had followed Aristotelian clas* 
sificatio^ifs by placing the woody plants in one group and the herbs in 
anothey,|jHutchinson replied (pp. 10-11), 

What has been done is to put all those families which are predominately woody, 
into the woody phylum, and conversely the same has been done with the herha- 
ceoiis families. 

A second departure in Hutchinson’s g^letic dicta from those of Bessey 
is to be noted in the former’s de-emphasis of the significance of the 
gaiBopetaloiis) taxa as having been derived (monophyleticall^ or diphy- 
ietjcally from the polypetalous taxa. 

The revised classification was predicated on 22 principles that are 
comparable to Bessey ’s dicta, and these appear below in condensed form: 

1. Evolution is both upvyards and downwards, the former lending toward preser^ 
vation . . . and the latter to their reduction and suppression I of char^ 
acters] ... 

2. Evolution does not necessarily involve all organs at the same time; . . . 

3. Broadly speaking, trees and shrubs are more primitive than herbs in any one 

family or genus . . 

4. Trees and shrubs arc older than climbers in any one family or genus. 

5. Perennials are older than biennials and annuals; . . . 

6. Aquatic flowering plants are derived from terrestrial ancestors, and epiphytes, 
saprophytes, and parasites are more recent than plants of normal habit; . . . 

7. Dicotyledons arc more primitive than monocots. 

8. Spiral arrangement is more primitive than cyclic. 

9. Simple leaves arc usually more primitive than compound leaves. 

10. Unisexual flowers arc more advanced than bisexual; dioecious plants are 
more recent than monoecious. 

1 1. The solitary flower is more primitive than the inflorescence . . . 

12. Ae.stivation types are evolved from contorted to imbricate to valvate. 

13. Apetaloiis flowers are derived fiom petaliferous flowe rs. 

1 4. Polypetaly is more pi imitive than gamopetaly^ 

15. Actmomoiphy is more primitive than zygomoiphy. 

16. Hypogyny is usually more primitive than perigyny and cpigyny is the most 
advanced. 

17. Apocarpy is more primitive than syncarpy. 

18. A gynoecium of many pistils preceded one of few pistils. 

19. Seeds with endosperm and small embryo are older than seeds without endo- 
sperm and a large embryo; . . . 

20. Numerous stamens, in general, indicate greater primitiveness than does an 
androecium of a few stamens (exception, Malvaceae). 

21. Separate anthers, in general, indicate greater primitiveness than does an 
androecium of either fused anthers or filaments. 

22. Aggregate fruits are more highly evolved than single fruits; as a rule the 
capsule precedes the berry or drupe. 

A comparison of these principles with the dicta of Bessey shows that, 
of the above, numbers 1-3, 7-10, 13-21 are enumerated also by Bessey 
with the same context and, for the most part, in the same sequence. 
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There are many examples of concurrence by Hutchinson with the earlier 
views of Bessey and of Hallier. His arrangement of the angiosperm orders 
and many of the families is indicated in Fig. 16. 

There has not been any appreciable adoption to date of this classifica" 
tion in this country, although the revision of the monocots has been 
accepted in many quarters.'^ This is due largely to his fundamental dieSis 
that the^icots have evolved in two directions;^ one from the herbjacfiojus 
Ranales and the other from the woody MagnolialeSi, A second barrier 
to widespread adoption of the Hutchinson system in this country is the 
insistence on a monophyletic origin for the seed plants in general and 
the angiosperms in particular. Furthermore, the failure of its author 
(to date) to provide explanatory notes setting forth reasons for the 
disposition of the orders (and in some instances, the families) has caused 
many discerning botanists to defer acceptance until these deficiencies are 
corrected. It would appear that much relatively recent morphological, 
anatomical, and cytological evidence may not have been given due 
consideration by Hutchinson in the arrival at an appreciable number of 
his conclusions. On the other hand, it must be pointed out that in the 
opinion of most taxonomists he has contributed a very real service by 
his careful and critical appraisal of family and ordinal limitations, and 
in his excellent artificial keys to the families of dicots (1926) and to 
the genera of most monocots ( 1934) . The classification has been a greater 
stimulant to phyletic thinking during the past decade or two than any 
other similar contribution. 

This brief survey and partial analysis of contemporary classifications 
has attempted to fulfill 3 objectives: an explanation of the phyletic prin- 
ciples on which each was based, an outline of each, by enumeration or 
diagram of the disposition of the major taxa, and to provide through the 
mesh of an assortment of schemas an indication of current trends in 
phyletic thinking. In connection with this third objective, attention is 
directed to one or two phylogenetic considerations. Initially, there is the 
problem of deciding whether the views of Engler, which supported the 
primitiveness of the apetalous flower over that of the polypetalous stro- 
biloid type, are valid or invalid. In this country, at least, they are rejected 
by a majority who would treat the strobiloid type of flower as the more 
primitive; a view reflected in the classifications of Bessey, Hallier, 
Hutchinson, and Skottsberg. The basic phyletic views of the dicot families 
by Bessey has suffered from less adverse critiscism over half a century 

®For review of Huichinson’s views on the Liliiflorae, see discussions following the 
Liliaceae and Amarvllidaceae in Part 11. 
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than have those of Hutchinson over two decades. There has been much new 
evidence of phylogenetic significance published since the last revision of 
the Bessey classification ( 1915), as emphasized in most of the discussions 
in the family treatment of Part II of this text. The skeletal system pro- 
posed and never elaborated by Tippo (Fig. 17), on the basis of earlier 
work by Smith and by Fames (see p. 38), has been received favorably 
by many. From the contributions of the phylogenists whose classifications 
have been reviewed in this chapter, and as augmented by the vast quantity 
of material evidence that has been made available in recent years, it would 
seem that a classification utilizing evidence of the highest correlations and 
greatest compatibility may yet be produced within the span of the present 
generation. There is no promise that such a classification will phylo- 
genetically be appreciably closer to the ultimate than others, but there 
is assurance that such a classification should be in closer harmony with 
currently accepted information. 
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CHAPTER VII 


tP 

THE GEOGRAPHY OF VASCULAR PLANTS 


Systematic botany in its restricted sense treats the classification, 
identification, and naming of plants. However, and as already discussed 
in the introductory chapter, plant classification is predicated on the 
accepted tenets of evolutionary development of the plants themselves, of 
their environment, and of the relationships of their past and present dis- 
tributions to the past and present geography of the earth. A taxonomist 
is not satisfied merely to know a plant, or to know its name. Jn order 
that classification may be the more accurate, a knowledge of genetic 
relationships is of equal importance. The full significance of interrela- 
tionships of plants can be appreciated only after it is understood that 
related plants have, or have had through their ancestors, common or 
interrelated geographic distributions. Presentation of the subject of 
present-day plant distributions necessitates an understanding of factors 
affecting them. This is as true of distributions over several continents as 
it is of distributions within the limits of a single continent. Theories con- 
cerning these distributions should account for the present existence of 
cospccific and cogeneric taxa now growing naturally on separate con- 
tinents, should account for restrictions of family groups to particular 
continents or combinations of continents, and should explain also the 
distribution of prehistoric floras as represented by the fossil record. Sev- 
eral theories attempting to satisfy these requirements, but based on very 
different postulates and premises, have been presented from time to time 
by various authors. In order to understand these theories one should 
understand the composition of past and present worhl floras. This is aided 
by an appreciation of the past and present physiography of the earth's 
surface and of the theories pertaining to its presumed evolutionary 
development. 

This chapter presents this background of distribution of existing floras 
in a most elementary manner. The subject of plant geography, although 
an integral part of systematics, is a broad field of study in itself. It 
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requires in particular a knowledge of living and extinct plants, of physi- 
cal geography, and of geomorphology. Presented here are only the basic 
rudiments of the subject, sufficient only to demonstrate the significance of 
plant geography to any taxonomic study and to provide an introduction 
to the pertinent current literature. Supplemental reading should be done, 
particularly in the works of Good, of Cain, and of Atwood. 

Genesis and evolution 

An appreciation of theories concerning the origin of the earth, the 
formation and distribution of its surface masses, and the evolutionary 
changes that are believed to have occurred through the eras of time con- 
tributes to a proper perspective of plant geography. The subject of these 
initial views is geology, but it has direct bearing on the distribution of 
plants and on problems in taxonomy.^ 

To the geologist, the earth is not a solid but an elastic mass. Its inner 
core (centrosphere) is postulated to be a crystalline sphere about 4,000 
miles in diameter. This is surrounded by two concentric zones of vitreous 
material (mesosphere and asthenosphere ) that, combined, are about 
1850 miles thick. These are resilient and yield to very low shearing 
stresses. Enveloping all of these is the so-called earth’s crust (lithosphere) 
which is a rock shell about 50 miles thick. The strength of the earth is 
said (von Engeln, p. 23) to be derived from the force of gravity, the 
presumed viscosity of its interior, and the rigidity of its outer shell. How- 
ever, even this outer shell is not solid or inflexible. 

The apparent surface of the earth is comprised of continental platforms 
(land masses) and ocean basins (water masses). The transition from one 
to the other is abrupt. Geologically, the continental platforms are slabs 
composed principally of a granite rock that is less dense than the basalt 
rock composing the floor of ocean basins, or present there under a thin 
layer of granitic rock. Furthermore, these platforms (composed of sial) 
are actually not immobile but float in the underlying layer of denser 
basaltic rock (termed the sima). The viscosity of the sima is so great 
that only over periods of perhaps millions of years is there an appreciable 
movement of the slabs of sial. 

It was not until the present century that a definite theory, based on the 
above concepts of the earth’s surface, was presented. This was done by 
Wegener (1915) and is known as the theory of continental drift, or as 
the Wegener theory. The concept was not original with Wegener, but 

' Much of the information that follows in this section has been condensed or adapted 
from von Bngeln, Geomorphology (1942), and Good, The Geography of the flowering 
plants (1947). 
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because of the impetus given it by his publications, his name is now 
intimately linked with it. The essentials of the theory as summarized by 
Good (p. 323) are these: 

During the earlier part of the Paleozoic epoch the continents were all joined 
together into one huge land mas, o Pangaea, and subsequently they separated and 
drifted apart until they have come to reach the positions they now occupy . . . 
This movement centered on Afiica, which, with the main part of continental Asia, 
has retained its original position more or less unchanged. I'hc theory also envisages 
a movement or wandeiing of the poles, thus accounting for considerable alterations 
in the distribution of the climatic zones. 

The presentation of this theory in Wegener’s concise form resulted in 
much discussion on the part of geologists, physiographers, and biologists. 
Modifications and refinements of the theory have been proposed by 
du Toit ( 1937), and reference should be made to his work for a synthe- 
sis of them. Du Toit’s views differed from those of Wegener primarily in 
that he postulated the presence in an earlier era of two primordial conti- 
nents, a northern one (Laurasia) and a southern one (Gondwana), 
whereas Wegener accepted one initial continent (Pangaea). Du Toit 
further considered that Gondwana broke up into 5 lesser masses com- 
prising the 4 present southern continents and India, which then drifted 
to their present locations. Perhaps the chief barrier to more general 
acceptance of the theory is that an adequate force to bring about the 
drifting of these continental slabs has not been demonstrated. In gen- 
eral, however, the basic tenets of the theory are becoming more widely 
accepted, although accord is by no means general. Campbell (1942) 
expressed the opinion that du Toifs theory “would best explain most of 
the problems in the geographic distribution of the floras of the Southern 
Hemisphere.” “ 

The sima, or basalt layer underlying the continental slabs, has plasticity 
as well as viscosity. For this reason it is understandable that not only may 
the continental masses have moved horizontally, but that, as weight of 
the masses increased or decreased, they also moved vertically. This 
latter type of movement also has been efTected by the tremendous weight 
of ice sheets, and vertical movement has resulted in depression by tilting 
or by settling, or in elevation changes of reverse character. Any of these 
inodifications would result in changes of shore lines and in changes in 
areas of land surface exposed to the atmosphere. As noted above, there 
has been found to be a sharp demarcation between continental platforms 
and ocean basins. The transition from continental levels to ocean bot- 

^ For views of geologists that generally favor the theory of continental drift, see refer- 
ences to papers by Ra.stall (1929), Baker (1932), and Holland (1944). 
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toms is, geologically speaking, quite abrupt. As von Engeln has pointed 
out (p. 25), 

Over 21 per cent of the earth’s surface area occurs between sea level and 3300 
feet elevation; over 23 per cent between 13,000 and 16,000 feet below sea level. 
The percentage distribution at the other intervals is in every instance much lower 
These two levels may be regarded as representative of the altitudes of the conti- 
nental platforms and the ocean floor respectively. 

The significance to a plant geographer of the existence of this distinct 
disjunctivity between continental platforms and ocean basin is that there 
are differences in character of oceanic borders. For example, there is a 
sharp drop from the continental mass to deep waters, along most of the 
coast of western North and South America. A similar situation occurs 
off the east coast of the Japan-Philippine Island archipelagos and extends 
southeastward to the north shoics of New Guinea. In other words, the 
Pacific Ocean extends over an exceedingly deep ocean basin. A compara- 
ble situation docs not exist under the Atlantic Ocean. Along most of the 
coast line of the eastern shores of North and South America, there extends 
seaward for varying distances up to a few hundred miles a submerged 
shelf that for the most part has less than 600 feet of water over it. Along 
its easterly edge this shelf drops off rather abruptly to depths of several 
thousand feet. This submerged shelf is an integral part of the continents. 
There is every reason to believe that it has not always been submerged. 
Elevation of these now submerged continental platforms by approxi- 
mately 600 feet would bring the continents of Europe and North America 
almost together in their northern limits and considerably narrow the span 
of ocean separating the land masses to the south. 

Another theory, perhaps more widely supported a half century ago 
than at present, is that the continents — particularly northeastern North 
America and western Europe — were connected by land bridges. It is a 
theory unsupported by direct evidence. It arose at a time prior to accept- 
ance of the theory of evolution, and before the possibility of continental 
movement was conceived. It was the only proposal then available which 
explained the diverse distributions of life forms. This theory has been 
reviewed in detail by du Toit, who concluded, in contrasting it with the 
continental drift theory, that “the differences between the two doctrines 
are indeed fundamental and the acceptance of the one must largely 
exclude the other.” A documented summary of these two theories has 
been presented by Good (pp. 323-331). 

^ A review of geologists’ opinions in support and in rejection of this theory is that by 
Gregory (1929). 



Geologic eras, their characteristics and floras, are a subject most perti- 
nent to paleobotany, but also are fundamental to any rational concepts 
concerning contemporary plant distributions. There is increasing accord 
on the subject of the age of the earth, but it is of such astronomical 
figures as almost to be beyond comprehension by most biologists. Present 
information places it in the vicinity of a few billions of years. 

This span, too great for ordinary comprehension, is divided into 5 eras: 
Archeozoic, Proterozoic, Paleozoic (or Primary), Mesozoic (or Sec- 
ondary), and Cenozoic. It is agreed quite generally that the first two eras 
account for more than half of all geologic time. No fossil remains of 
vascular plants have been found in rocks believed formed during these 
first two eras. Life did exist then and was represented largely by primitive 
marine forms. The third era, the Paleozoic, saw the development of fishes 
and fernlike plants, and accounts for about 30 per cent of all geologic 
time. Succeeding it, the Mesozoic era accounts for about 1 1 per cent, and 
the Cenozoic for about 4 per cent of all time. 

Each of the last 3 eras is divided into periods (Fig. 18). In discussing 
the evolution of plants and associating their development with that of the 
earth, its geography and even its fauna, it is more usual to refer to these 
periods than to the eras. The Paleozoic is divided into 7 periods called 
respectively, and beginning with the oldest, Cambrian, Ordovician (Cham- 
planian), Silurian, Devonian, Lower Carboniferous (Mississippian), 
Upper Carboniferous (Pennsylvanian), and Permian. The Mesozoic era 
is divided into 3 periods, Triassic, Jurassic, and Cretaceous; the Cenozoic 
into 5 periods (by some authors termed epochs), Eocene, Oligocene, 
Miocene, Pliocene, and Pleistocene, followed by the recent or postglacial 
period, in which man now lives, often designated as the Holocene. 

The earliest vascular plants were in existence in the late Silurian, 
although now extinct. They were the Psilophytales, a group reaching its 
zenith in the mid-Devonian and disappearing early in the Carboniferous. 
Coincidental with their diminishing importance in the upper Devonian 
was the beginning of the Lepidodendrid type of Lycopsida, a group 
dominant along with the Calamites in the Carboniferous and not extend- 
ing beyond the Permian. These periods of the Paleozoic were character- 
ized by such tree-fernlike plants that formed great forests, whose spores 
or pollen were produced in great quantity and were the source of much 
of our present-day coals and petroleums. During the latter half of the 
Paleozoic the gymnosperms became conspicuous and formed large 
forest areas. 

The Mesozoic saw the slow, gradual increase in the true ferns we 




Fig. 18. Chart of presumed evolutionary development of plant life daring the geologic periods. 
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know today (the Filicales), the zenith of the gymnosperm, and more 
especially, of the cycad floras, and (in the Cretaceous) the definite 
existence of the angiosperms or flowering plants. By the end of the 
Cretaceous these were surely a conspicuous element of the flora. It was 
during this era that reptiles reached their peak of development, particu- 
larly in the late Jurassic. 

Botanically, there is little difference between the composition of the 
dominant flora of the Tertiary and of the Quaternary. In both cases the 
flowering plants were dominant over gymnosperms and ferns. Significant 
changes took place over the earth, however, in climates and in physiog- 
raphy. The Rocky Mountains were elevated to present prominence 
(Pliocene), the Pyrenees were pushed upward (Oligocene), and the Alps 
of central Europe elevated (Pliocene). The great epoch of glaciation over 
much of the earth’s northern surface was during the Pleistocene, and 
following this, civilization had its recognizable beginnings. 

Geography and its relationship to plant distribution 

The physical factors making or maintaining continents, oceans, moun- 
tains, and deserts are a prime factor in delimiting the places where plants 
grow. Physical geography is directly and indirectly such an integral part 
of plant geography that the latter can be studied only in terms of depend- 
ence on and subjection to the influence of the former. 

The earth’s surface is comprised of six continental land masses (North 
America, South America, Eurasia, Africa, Australia, and Antarctica) and 
the oceans surrounding each. In addition to these there is a very large 
ii’imbcr of lesser island land masses. The distribution and size of the 
latter cause them to be significant to phytogcographic problems. Such 
islands or archipelagos include Greenland, Iceland, British Isles, the 
Canaries, the West Indies, Madagascar, the Seychelles, the Aleutians, 
Japan, Formosa, the Philippines, Malaya, New Caledonia, New Guinea, 
New Zealand, Tasmania, and the Hawaiian Islands. 

The relative positions of continents and islands are of particular impor- 
tance to students of vascular floras. A study of Fig. 19 shows the earth’s 
surface to be mostly in the northern hemisphere. It is significant to studies 
of plant distributions that the more northern latitudes of North America 
and Eurasia form an almost continuous belt of land around the globe. In 
studying Fig. 19 in this regard, it must be remembered that it is the 
outline of the continental platforms that is significant, and not necessarily 
the boundaries of that portion which todav is above the ocean’s surface. 
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surfaces larger as the temperate regions of the southern hemisphere are 
reached. The obvious corollary to this is that the land masses below the 
equator of South America, Africa, and intermediate islands are far more 
remote from one another than are similar masses at an equivalent north- 
ern latitude. Figure 19 also shows that many islands are an integral part 
of an adjoining continental platform and are islands only because their 
height exceeds the depth of the water over the continental shelf of which 
they are a part. Islands of this character include Newfoundland, some ot 
the West Indies, Greenland, the British Isles, and the many thousands of 
islands from northern Japan through the Philippines and Malaya. These 
are continental islands. Other islands are noted to project from the floors 
of the ocean basins and are oceanic islands. The latter are more common 
in the Pacific than in the Atlantic Ocean, and include, in the Pacific, the 
Bonins, the Mariannas, the Galapagos, and the Hawaiian Islands, and, in 
the Atlantic, the Bermudas, the Azores, Cape Verde, and Ascension. The 
island of Madagascar along the east coast of Africa is likewise an oceanic 
island. 

The presence of mountains on all the continental land masses is a 
feature of importance to the phytogeographer. Particularly is this true 
when the mountains form chains or ranges of great elevation and length. 
Historically, all existing ranges are of relatively recent geologic origin 
(see col. 3 of Fig. 18). Because of the land connections linking some 
continents, and because of the geologic history of the earth, only three 
great mountain systems arc recognized on the earth’s surface. These are 
distinguished as the western American system, composed of the Cordil- 
!eran ranges of North and South America; the Old World Eurasian- 
Australasian system composed of the Pyrenees, Alps, and Caucasus of 
Europe, the Sino-Himalayas, the central Asian plateau, and the moun- 
tains of Malaya; and the island mountains of Africa. In addition to the 
physical importance of mountains, their climatic importance is also of 
' oncern to the botanist, for, as elevation increases, the climate becomes 
cooler — a factor materially affecting distributions of plants on mountains 
in equatorial zones. 

There are many factors responsible for the major distributions of 
plants. They may be inherent or geographic. Inherent factors include 
those that deal with the evolution and relative immobility of the indi- 
vidual. Evolution takes into consideration the development of the plant 
over periods of geologic time, and integrally associated with it is the 
organism’s genetic constitution. The individual immobility of the grow- 
ing plant is of significance, since the existence also of a mobile or motile 
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phase in its life history is essential to establishment of a range, and in 
most cases to perpetuation of the race. Geographic factors are of two 
major sorts: barrier factors and climatic factors. A barrier is considered 
by Good as an area that is of a character that “cannot be crossed by a 
spreading species in the ordinary processes of its dispersal.” Since barrier 
factors may be of greater significance to world flora distributions than 
climatic factors, they will be discussed first, and the subject of climatic 
factors reserved for discussion later in the chapter. 

The disposition of continental masses and their probable movements 
during geologic times is correlated directly with a barrier factor known as 
ocean expanses. Bodies of water that are of considerable expanse (as are 
the oceans), uninterrupted by even small islandic masses, provide one 
of the most effective barriers to plant migration. When large bodies of 
water are dotted with islands, their effectiveness as barriers may be 
reduced, and for this reason many islands (even though small in area) 
are of considerable significance in accounting for some present-day plant 
distributions. The presence of mountain ranges represents a form of 
barrier insurmountable by many plants. The reason for this is that at the 
higher elevations of a range, environmental conditions usually are so 
different from those usual for the plants of lower elevations as to be 
functionally lethal. Furthermore, mountain ranges, by their height and 
extent, materially influence the precipitation of rainfall by increasing it 
on the windward and decreasing it on the leeward s^de. A third barrier 
factor is that provided by large desert areas where, because of climatic 
conditions, the range extension of all but the extreme xerophytic plants 
is arrested. In all these types of barriers it is to be remembered that in no 
case arc they absolute barriers to plant migrations. Their significance lies 
in the fact that they bar range extensions over or across them of the great 
majority of plants. The climatic factors to be discussed subsequently 
include temperature, moisture relations, light, and wind. In addition to 
these there are edaphic and biotic factors whose significance to plant 
geography has been the subject of many books. 

Vegetation areas of the earth 

There are basically 4 vegetation zones on either side of the equator: 
arctic or alpine, temperate, subtropical, and tropical. Due to the elevation 
of certain land masses within the temperate zone, nearly one-fifth of its 
area is occupied by arctic or alpine plants, and only three-fourths by 
temperate plants. Similar situations exist in the floras of the subtropical 
and tropical zones. In the subtropics, where snow-covered mountains 




Fig. 20. World map showing distiibution of majii vegetation types, simplified from Brockmann- 
Jerosch. Redrawn from Good, The Ceugiciph\ of the flonering plants, b> peimission ot I ongmans, 
Green and Company. 
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occur, about one-tenth of the area supports arctic floras and nearly twice 
this much supports temperate zone plants. Another limitation associated 
with this system is that it fails to give consideration to the influence of 
thermal ocean currents, as the Gulf Stream on the British Isles. F^or these 
reasons, any classification as enumerated above is too gcneial to be of sig- 
nificant value in systematic studies or in understanding relationships be- 
tween floras. An elaboration of this classification was published by Han- 
sen (1920), who subdivided the earth into 7 zones on either side of the 
equatorial zone, delimiting them by definite boundaries of latitude; 
the equatorial zone being 15° on cither side of the equator, the tropical 
zones extending from 15° to 23.5", the subtropical zones from 23.5 
to 34.0°, the warm temperate zones 34.0° to 45°, the cold temperate 
zones 45° to 58°, the subarctic zones 58° to 66.5°, the arctic zones 66.5" 
to 72°, and the polar zones extending from 72° to the poles, fhis elabora- 
tion is subject to the same limitations as the more general one described 
above in that altitudinal variations support plants of the colder zones and 
the latitudinal zone is not representative of a particular floristic type. 

The more biological systems of subdividing the earth’s land surface 
into vegetational areas recognize the importance of floristic regions. Many 
such systems have been proposed, some based on geography, some on 
dominance of family or generic units, and others on physiographic areas. 
Schouw (1823 ) divided the earth’s surface into 25 kingdoms representing 
for the most part geographic areas. Good (1947) divided the area into 
kingdoms, regions, and provinces, the 5 kingdoms being akin to lati- 
tudinal zones, the 36 regions accounting for the major floristic or physio- 
graphic areas with them, and the numerous provinces often representing 
areas of notable endemism or having politicogeographic boundaries. 
Since the classification by Good is the basis for discussions throughout 
this work it is represented here, in part, by Fig. 21. It does not pretend to 
be based on the physiographic provinces of the world, since that would 
demand a treatment too detailed for inclusion within a single volume. The 
merit of his system over that of Campbell ( 1926 ) or of Fingler and Drude 
(1896) lies in its graphicness and in the fact that recognition is given 
lO actual distributions even though they may not conform to orthodox 
latitudinal zones. It is functional in that it serves also to correlate phylo- 
genetic studies with phytogcography. 

Physiographic areas of North Ameri€*a 

Since this text is expected primarily to serve the needs of students in 
North America, the physiographic areas of this continent are given con- 
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sideration. A physiographic area, province, or region is a natural unit 
possessing a more or less common topography; it is an area throughout 
which the geographic conditions are much the same. The most recent 
work devoted to the subject is that of Atwood, much of whose geographic 
data have been drawn on in the preparation of this section of the 
chapter.^ 

Physiographic areas are of particular significance to taxonomy. A 
physiographic area is a natural unit; the environmental conditions exist- 
ing within it possess a greater uniformity than exists in the combined 
environmental conditions of it and an adjoining or disjunctive area. For 
this reason any given species is more likely to succeed and extend its 
range within a single area than it is to expand into adjoining or to suc- 
ceed in disjunctive areas. In general it is true that each physiographic 
area supports a flora peculiar to itself. A manual or flora published to 
account for the plants of a physiographic area is of greater biological 
significance than one accounting for the plants of a political area. Like- 
wise, it may be of more biological significance to know of the physio- 
graphic area (rather than the county) in which a plant grows. In making 
notes accompanying collections, or to be incorporated on herbarium 
labels, both physiographic and political locations may be given to 
advantage. 

As indicated by Fig. 22, Atwood divided the North American continent 
into nine physiographic provinces. Most of these were subdivided into 
divisions or subprovinces — units delimited by Atwood in his individiUtl 
treatments of them. The nine provinces and their characteristics follow. 

THF ATLANTIC AND GULF COASTAL PLAIN 

A lowland area bordering and gently sloping to the sea, extending from Cape 
Cod to New York City, through Trenton, N. J., to Philadelphia, Baltimore, Rich- 
mond, Augusta, Columbus, Ga., and west to Montgomery, Ala., whence it loops 
north to Illinois, back across southeastern Oklahoma, Texas, and along the Gulf 
of Mexico to Yucatan. It is bordered throughout its length by adjoining provinces 
of materially higher elevations. The continental shelf (see Fig. 19) is funda- 
mentally a part of it. That part of the inner boundary extending from the lower 
Hudson River Valley .southwestward to central Alabama is known as the fall line. 
The name indicates that this junction of adjoining provinces with the coastal plain 
is also a junction between the hard rocks underlying the areas of higher elevation 

^ Another treatise on physiographic areas (of the United States) is by Fenneman 
(1938). However, the work by Atwood has been selected for reference here since it 
provides a concise account for all the North American continent, with uniformity of 
treatment, and gives consideration to climate and rainfall — important to phytogeography 
— factors too often omitted by Fenneman. Students of Pacific coast floras should be 
familiar also with the physiographic subdivisions proposed by Munz and Keck (1949). 

Another and dynamic approach to the problem of subdividing the continent was that 
by Dice (1943). who distinguished 28 biotic ptovinces. 
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and the soft and younger sedimentary rocks of the plain. Because of this, falls or 
rapids are produced at the zone where streams pass from the hard to softer rocks 
in their seawaid descent. Botanists familiar with these falls or rapids are quick to 
recognize floristic changes that exist in areas above and below them; i.e., tloiistic 
changes between the 2 physiographic provinces. 


NORTH AMERICA 



Fig. 22. Map of North America showing Atwood’s Physiographic Provinces. Adapted 
from Goode's Series of Base Maps, Henry M. Leppard, Editor. Copyright 1937 by the 
University of Chicago. Rediawn Irom Atwood, The Physiographic Provinces of North 
America, by permission of Ginn and Co. 
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IHF APPALACHIAN HIGHLANDS 

This province is composed of most of the bolder relief features in the eastern 
part of North America; an association of mountain langes, deeply dissected pla 
teaus, and rolling uplands and, in New England and the Maritime Piovinccs of 
eastern C anada, a coastal area It is divided by the Hudson River Valiev into two 
rather natural divisions, the New Kngland-Acadian. or northeastern, divis on and 
the southwestern division, 

THE LAURENTIAN UPLAND 

This piovince comprises a vast and geologically ancient area extending from 
Baffin Land in the Arctic Ocean west to beyond Cieat Bear Lake, south to Lake 
Winnipeg and northern Wisconsin, and east to the St. Lawrence Rivei and Labrador. 
The Adirondack Mountains of New York State are a part of this region. 

Most of the southern third of this area of about 1 ,0()(),()0() square miles supports 
coniferous forests. A reduction in annual precipitation (to about 10 inches) and 
piogressively shortei growing seasons (to about 4 weeks) becomes moic restrict- 
ing as polar regions arc approached, and about a third of the area in the north is 
a tundra vegetation composed primarily of herbaceous plants and very dwaif shrubs 

LHE CENTRAL LOWLANDS 

These are the gently rolling prairies of the continent, the central plains, the 
wheat, corn, cotton, and farm belts extending from Ohio northwest to ccnlial 
Saskatchewan, from there south through the Dakotas to Lexas and jo n ng the Ciulf 
coastal plan to the south. Atwood divided it into 6 subprovinces (see Fig. 22), 
each delimited by individual physiographic features. 

The annual rainfall over all but the northwestern part of this province is about 
20 to 30 inches, with most of the precipitation occurring during the summer season 
The noithern and more recently glaciated areas contain abundant lakes, excellent 
soil, muck bog, and swampland. Forest areas are few and when present arc of the 
deciduous type The southern subprovinccs contain few lakes, have poor •‘Oil, 
and even less forested area. 

THE INTERIOR HIGHLANDS 

This IS a small province situated between the southern end of the central 
lowlands, west of the Mississippi Valley and north of the Gulf coastal plain. It 
comprises the Ozark plateau, the St. Frangois, Boston, Ouachita, Arbuckle, and 
Wichita mountains, and the Arkansas Valley lowland Some of these arise in the 
Osage plans of the central lowlands, but physiographically belong in this province. 

The area is one of low mountains and plateaus of mostly sedimentary rock 
formations Lhc area is also primarily one of deciduous forests and supports a more 
vaiied and richer flora than adjoining provinces. 

THE GREAT PLAINS 

This piovmce is a broad belt about 4600 miles long and 400 miles wide, extend- 
ing from the Rio Grande in the south to almost the Arctic Ocean in the north, 
and from the Rocky Mountains in the west to the central lowlands in the east. 
Although seemingly flat, the area slopes to the eastward, with its elevation of 
about 15(30 feet at its juncture with the central lowlands being nearly 4000 feet 
lower than that of its western margin. The eastern boundary is not well defined, 
but its western edge ends abruptly at the base of the Rocky Mountains. 

At its eastern boundary the annual precipitation is about 20 inches, but the 
volume decreases progressively westward until it drops to 10 inches or less. Th.s 
low rainfall is a limiting factor for vegetation, grassland and chaparral being the 
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dominant vegetation in the south and central parts, with forests appear'ing in 
central and southern Canadian zones and the tundra forming the climax vegetation 
in the north. 

THE C ORDILLFRAN RANGES 

The mountainous belt of the western seetion of the North American continent 
is known as the cordillera. It is treated as comprised of three physiogiaphic 
provinces: the Rocky Mountains, the cordilleran plateaus, and the Pacific Border- 
lands. 

The Rocky Mountain province extends from just north of the Bering Strait via 
the Brooks Range and Canadian Rockies to northwestern Wyom.ng. Hcie the 
mountain langes are interrupted by a large plateau, not a part of the province, 
and continue disjunctively via the Wasatch Range of Utah, through Colorado, New 
Mexico, and westernmost Texas. In Mexico the province is represented by the 
three extensive Sierra Madre ranges There are many smaller ranges included in 
the Rocky Mountain province, notably, the Jefferson and Gallatin ranges in Mon- 
tana, and the Absaroka and Big Horn ranges in Wyoming, the Black Hills of South 
Dakota, and the Front Range and San Juan Mountains of Colorado. Geologically 
the mountains of this province are believed to have had their origin in the late 
Mesozoic era, chiefly by anticlinal folding. 

The vegetation, below timberline, is largely forests or open ranges. In the Brooks 
Range of Alaska and northern Canadian Rockies the annual rainfall is only 10 to 
20 inches. This is true also of much of the southern third of the province. Parts 
of it in Alberta, Idaho, and Montana leceivc 20 to 50 inches of lain annually. 
Conifers comprise the dominant forest trees. In this area are found the highest 
mountains in the continent. Changes in elevation are often abrupt, especially in 
the eastern part, and isolated pockets and valleys are of significance in plant 
distributions. 

The cordilleran plateaus comprise a second portion of the cordilleran ranges. 
It is a disjunctive province of 6 somewhat arbitrarily delimited subprovinces (see 
Atwood) and all form a chain or series of plateaus extending from the Bering Sea 
into south central Mexico (see Fig. 22). 

THE PACIFIC BORDERLANDS 

The physical features extending north and south along the western margin of 
the continent, from the Aleutians and the Alaska peninsula to Baja California 
consist of two chains of geologically young and rugged mountains between which is 
a broken series of lowland troughs. Collectively these comprise the Pacific border- 
lands. Atwood divided it into 10 subdivisions. 

Taxonomic significance of physiographic areas 

An elementary knowledge of physical geography and of the major 
physiographic features of this continent is essential to an intelligent under- 
standing of existing floristic and monographic studies. 

in addition to the general data given above for each of the major 
physiographic regions of North America, the student should know, for 
region whose flora is made the subject of intensive studies, such essen- 
tials as: the physical geology of the area; its geological history; past and 
present watersheds and drainage basins; soil types and their physico- 
chemical characteristics; climatic conditions. 
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Armed with these data, and with a field knowledge of the flora of an 
area (as substituted by adequate collections of exsiccatae of that flora), 
one has some of the fundamentals essential to studies concerning 
endemism, migrations, disjunctive and continuous distributions, and 
vicarious forms and finally is in a position to understand better the char- 
acter of speciation of elements comprising the flora in question. In most 
detailed floristic studies knowledge of pertinent facts concerning the sub- 
divisions of the physiographic province may be of as much or greater 
significance than that for the province as a unit. Nonetheless, if the study 
is to be treated in adequate perspective, its provincialness must not be nar- 
rowed to the exclusion of recognizing the significance of the physiographic 
province and relationship of that province to the continent and to the 
earth as a whole. 

Phytog€*ography — static vs. dynamic 

Phytogeographic studies have been, until relatively very recent times, 
essentially of a static character. Pioneered by the work of the German 
botanists Grisebach, Engler, and Drude, and represented more recently 
by the more general works of Raunkiaer, of Campbell and, to a lesser 
degree, of Good, they have been descriptive in character. It is to these 
works that the student should refer to learn of the major floristic areas of 
the world, their limits, the composition of their flora, and their interrela- 
tionships with each other and with physiographic features, climates, soils, 
and civilizations. Descriptive plant geography is of major significance to 
taxonomic and ecologic studies. A knowledge of the distributions of 
families, genera, and species of plants adds to one’s understanding of 
relationships of these groups. However, informative and fascinating as 
this phase of the subject may be, it is rarely of itself a means to an end. 
For that one must turn to the dynamic aspects of phytogeography. 

Dynamic plant geography is another means of denoting interpretive 
plant geography. It represents the synthesis and integration of accumu- 
lated and ascertainable facts of the related sciences of cytology, genetics, 
paleobotany, ecology, evolution, taxonomy, comparative morphology, 
and phylogeny. In the words of Cain (1944) it 

searches for causes of distributional phenomena, both modern and historical, it 
finds its explanations in the material which is more particularly the province of 
special sciences. 

Interpretive plant geography is a borderline science which depends for its ma- 
terials and some of its concepts upon the more specialized sciences, and it derives 
its distinction as a field of study from synthesis and integration. Interpretive plant 
geography is a second phase that follows naturally after descriptive plant geography. 
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This relatively new approach to phytogeography could not have arisen 
prior to the postulations of the theory of evolution by Darwin and by 
Wallace. Undoubtedly it had its nebuknis and then unrecognized begin- 
nings in the works of Hall and Clements ( 1925) in California, of Tures- 
son in Denmark, and of Julian Huxley in his New systematics. It has been 
stimulated, to mention only a few authors, by the more recent work of 
Erdtman on pollen analysis, of du Rietz on boreal distributions, and 
the contemporary classics of Babcock and of Clausen, Keck, and Hicsey. 
The findings of most of these and of scores c^f other workers are synthe- 
sized and presented with critical analysis by Cain. Brissenden’s recent 
translation from the Russian of WulfT's An introduction to historical 
plant geography (1943) is an easily read treatise presenting a somewhat 
more challenging but critical analysis of the subject from a different 
approach. 

Principles of dynamic geography 

Plant geography is a subject that has developed with and because of 
progress in basic biological science. Commencing with the broad basic 
tenets published by Good (1931), revised and emended by Mason 
(1936), and brought to the present by Cain ( 1944), a set of principles 
now is available for study and analysis. Those of Good were developed 
into a comprehensive thesis, and arc embodied in his most recent work 
(1947). Cain’s acceptance of both Good’s initial work, largely as aug- 
mented by the findings of Mason, was represented by his amplifications 
of them in his Foundations of plant geography, Cain’s 13 basic prin- 
ciples, accompanied by copious illustrative data drawn from his own 
field studies and the analyses of hundreds of papers by other authors, 
provided the bulk of the subject matter of his book. These basic principles 
as first proposed by Good, emended by Mason, and amplified by Cain 
are: 

A. Principles concerning the environment: 

1. Climatic control is primary. 

2. Climate has varied in the past. 

3. The relations of land and sea have varied in the past. 

4. Edaphic control is secondary. 

5. Biotic factors are also of importance. 

6. The environment is holococnotic. 

B. Principles concerning plant responses: 

7. Ranges of plants are limited by tolerances. 

8. Tolerances have a genetic basis. 

9. Different ontogenetic phases have different tolerances. 

C. Principles concerning the migration of floras and climaxes: 

10. Great migrations have taken place. 

11. Migrations result from transport and establishment. 
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D. Principles concerning the perpetuation and evolution of floras and climaxes: 

12. Perpetuation depends upon migration and evolution. 

13. Evolution of floras depends upon migration, evolution, and environmental 
selection. 

From a study of Cain's treatment of these principles, it is apparent that 
4 of his chief amplifications lie in the incorporation in them of ( I ) the 
vitalness of the genetic constitution to evolutionary processes as well as 
to distribution and tolerance, (2) the significance of biotic factors in 
controlling distribution, (3) that responsible factors act mutually and as 
a concerted force (holococnotically ) rather than independently or sepa- 
rately, and (4) that the individual plant demonstrates varied tolerances 
to climatic and cdaphic factors during its reproductive cycle. 

The basic tenets of Good's theory were reviewed by Wulff (1943, 
pp. 138-144), wlio accepted them in principle, pointing out that Good 
failed to take into consideration the two factors accounting lor . . the 
process of divergence which a species undergoes during the course of its 
migrations and, . , . the movements of floras on mountain slopes from 
one altitudinal belt to another." In his latest treatment (1947) Good 
incorporated several provisions in his theories and illustrations to satisfy 
these situations. 

A study of the literature embodying these principles brings one almost 
immediately to references to subsidiary theories, some now relegated to 
history, others with supporters as numerous as disclaimers, and at least 
one now quite universally accepted. Because of their significance and the 
extent to which they are referred to in the literature they are summarized 
below. 

Willis' a^c and area theory ( 1922) is basically the hypothesis that the 
longer a species has existed the greater will be its area of distribution, or, 
conversely, the area occupied by a species is directly proportional to its 
age. To quote from Willis ( 1922, p. 83), 

if a species entei the country and give rise casually to new (endemic) species, then, 
if the eounlry he divided into equal zones, it will generally occur that the endemic 
species occupy the /ones in numbers increasing from the outer margins to some 
point neai the centre at which the parent entered 

Following the same reasoning, he postulated also that the genus with the 
most species is the oldest and that with a few or a single (monotypic) 
species is the youngest. No allowance was made for a genus being an 
ancient relic represented by a few or a solitary remaining species. 

His presentation of the theory was documented by data collected during 
a period of over 20 years, during which time he benefited from ample 
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field studies in Ceylon and in the tropies of Asia and of South America. His 
ideas were critieized severely on the basis that the theory, while applicable 
to the tropical examples studied by him, was not serviceable as a general 
rule by which to determine the relative age of any area." It was readily 
refutable by the fossil record which showed that plants of restricted dis- 
tribution today (or not even known now to exist in the wild, as CJink^o) 
were once widely distributed, even in areas whose present climate would 
not now be favorable to them. Studies of contemporary north temperate 
floras indicated that size of the area of distribution of a genus or species 
depended more on favorable dispersal factors and adaptability to climatic 
and cdaphic (i.e., soil) factors than on age. The present consensus is 
that in theory Willis’ ideas are valid, but that in practice the presence and 
interaction of numerous other factors (internal and external) preclude 
its functioning as a general feature. 

Guppy's theory oj dillerentiation ( 1906) is of academic interest, since 
it is now negated by the preponderance of cytogenetic data accumulated 
since its advocacy. It postulates that the currently larger groups of plants 
(families, orders, etc.) were the first to appear, and that with time they 
became differentiated into successively smaller units and ultimately into 
many species of each genus, and races of each species. His theory was 
supported by considerable evidence, but was based on the unsupported 
premise that there existed 

for terrestrial plants an era when uniformity in environment was the rule — an era, 
one might imagine, of great atmosphenc humidity, when persistent cloud-coverings 
blc.nkeled the globe and when the same equitable temperature everywhere pre- 
vailed . . . 

From this reasoning he concluded that a uniform environment would 
produce conditions resulting in uniform evolutionary changes and ulti- 
mately approach the evolution of a uniform flora. Recognizing that such 
a uniform flora does not exist, he considered the present-day multiplicity 
of kinds of plants to have resulted from contemporary changes toward a 
diversity of climates, accompanied by radical evolutionary responses by 
all organisms. 

Good's theory oj tolerance ( 1931 ) was retained by him ( 1947 ) as an 
entity apart from his principles of plant distribution. It was the subject 
of favorable discussion by Wulff (1944) and has been incorporated in 
essence by Cain in his 13 principles of plant geography. The implication 

For a critique of Willis’ theory, see references to papers by Berry, Feriiald, Cileason, 
and Srnnott (1924), representing collectively a symposium on the subject. 
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of this theory (a collection of truisms), as expressed by Good (1931), 
was that, 

a species is able to occupy only those parts of the world where the external condi- 
tions are within those of its range of tolerance This total area which a species can 
occupy in virtue of its tolerance is conveniently termed its “potential area.” The 
size of the potential area will tend to vary with change in external conditions. 

The theory was predicated on the subsidiary hypothesis which postu- 
lated that, 

. . . environmental change has, at least during the more recent past, been more 
rapid than change in tolerance or morphology, or, in other words, by the view 
that progressive adaptation to external change has not had time to occur in situ. 

Evidence was advanced to demonstrate that most plants do not possess 
unlimited tolerance nor capacity to respond by adaptation to changing 
environments as rapidly as these changes occur. This is the nucleus of 
the theory, since, as WulfT pointed out (p. 141 ), 

. if both tolerance and climate changed at an equal rate, there would be no 
plant movement and the entire theory would collapse. But usually this does not 
occur, since evolutionary changes in a species . . . proceed consideiably more 
slowly ihiin changes in habitat conditions. The movements of floras known to us 
suflicc to show that these changes are not simultaneous. They may coincide in 
time and rate only in case there occurs a mutation affecting the tolerance of a 
species. 

The theory has been substantiated cytologieally by examples from the 
Leguminosae provided by Senn (1943) and gave evidence to Cain’s 
conclusions that (pp. 470-471) is of importance in the 

theory of specific tolerances because it results in changed reaction norms 
and thus allows the population to occupy a different area in which the 
ecological or climatic conditions deviate from those to which the diploids 
were adapted.” 

Importance of pliytog;eog;rapliy to taxonomy 

Phytogcography is rapidly becoming a science of its own. The number 
of botanists devoting their research activities to it is increasing. This situ- 
ation is apparent particularly in the field of dynamic plant geography, 
where the studies arc conceded to be of paramount importance to basic 
taxonomic work. 

One of the most fundamental of all taxonomic problems is the deter- 
mination of the limits of species — the nomenclatural unit of classification. 
These limits vary for every category (genus, a family, or a larger unit). 
Taxonomy is passing through a closing era of descriptive taxonomy and 
into an opening era of dynamic systematics. It finds all appreciative and 
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progressive systematists synthesizing and integrating with the morpho- 
logical studies entailed in plant classification the results of studies of the 
related scientific phenomena inherent in, or manifested by, plants. I'o 
this end the findings of dynamic plant geography contribute significantly. 

The applications of techniques and employment of methods demon- 
strated as essential to solutions of dynamic phytogeographic problems 
may, and often do, provide the monographic and the floristic taxonomist 
also with partial or complete answers to his problems. They may be of 
particular aid in the solution of problems concerned with the determina- 
tion of the existence and significance of conditions indicated by the fol- 
lowing topics. 

Migrations and evolutions of floras, A migration of any element of 
a flora represents an accomplished fact. It is a situation of the moment 
and not one in process of occurring. The movement of a population 
through two or more sexual generations is one of dispersal. Dissemination 
is a precursor of migration. A migration has occurred only after the seed 
or spores of an individual have been disseminated, followed by their 
germination, successful competition, and the development of the new 
individual as a part of the flora in the new territory. Dissemination is 
subject to many factors, such as ( 1 ) physical characteristics of the parent 
plant, or of its fruit or seed, that may inhibit or facilitate dispersal, or 
(2) presence of barriers that present physical obstruction to dispersal, 
or of barriers such as climatic or edaphic conditions unfavorable for 
germination or successful growth and competition by the new individual 
Plant dispersal is taking place constantly. That is to say, at any given 
moment countless numbers of migrations have occurred, and the dis- 
seminations, germinations, and growth then taking place are all degrees 
of development enabling new migrations to come into being. These migra- 
tions represent new ranges or occupation of new area, and also the 
evolution of a changing flora. 

Disrontinuous distribution. When the total area occupied by a 
species population includes regions on which the species does not exist, 
that species is said to have a discontinuous distribution. This condition 
is true, provided the unoccupied area is greater . i .n i.ie ordinary dispersal 
range of the species. These discontinuous or di‘ j anctive distributions may 
be of minor or major character, depending on the remoteness of one 
population from another. They may be environmental, with the areas of 
absence representing regions whose climate, soil, or topography are 
unfavorable to successful invasion by the species. Major discontinuities 
exist, for example, when the same genus or species occurs on two widely 
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separaiccl parts of a continent, or of the earth, with no representation 
existing between. These discontinuous areas are considered to be the 
product of destruction of formerly intervening populations, or of their 
migration during geologic time, as caused by climatic, geologic, or physi- 
ographic changes. Instances of major disjunctions are many, and long have 
been of great interest to botanists because of the problems presented by 
their present distributions. It is of interest to note that of the approxi- 
mately 300 families of vascular plants, over two-thirds contain one or more 
major disjuncts occurring on two or more continents. Two terms are en- 
countered occasionally in recent botanical literature that are concerned 
v/ith this general subject: polytopy and polyphylesis. Polytopy is the sit- 
uation represented by a major discontinuity of distribution. When an 
element (usually species, genus, or family) occurs in two or more dis- 
crete areas, it is said to be polytopes. The most generally accepted hy- 
pothesis accounting for the existence of these polytopes is based on the 
premise that they are genetically closely related. However, some bot- 
anists hold that they have arisen independently and polyphyletically. 
Polyphylesis is the situation represented by a polyphyletic origin (from 
twu or more ancestral lines). 

Endemism. The situation known as endemism is one comprised of an 
element having one restricted region or area of distribution. The phytoge- 
ographer and associated taxonomists recognize two types of endemism. 
One is where the element is a young species or genus which may not yet 
have attained its maximum area as determined by its dispersal barriers. 
This is termed, in the strict sense, an endemic. The second type is one 
in which the element is an old or relic one, now occupying a contracting 
and much smaller area than before, an clement that is surviving but not 
contributing to flora evolution — it is termed an epihiotic. Endemism is 
of significance to the taxonomist since he is vitally concerned with the 
history of the flora. Regions that arc of considerable geologic antiquity, 
that have not been subject to major climatic revolutions, and that long 
have been physiographically isolated contribute a greater number of 
endemics and epibiotics than do regions not so characterized.’’' 

Centers of area. In detailed analyses of plant distribution the taxono- 
mist is interested in more than learning of distributional limits and causes 
thereof. He needs to know of other related conditions, such as the center 
of origin of the taxon, the center of its variation (development), and the 
center of frequency of individuals comprising it. If the taxon is actively 

For supplementary leading on endemism, see lefciences to papeis by Fcrnald 
(1924, 1931 ), Mason (1946), Sinnott (1917) Stebbins (1942), and Turesson (i925). 
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contributing to the evolution of the flora, it may be that knowledge of 
centers of dispersal are of significance, and conversely, if the situation is 
one of survival, there arc centers of refuge to be determined. The deter- 
mination of these centers is made with the aid of paleobotanical data, 
from which distributions of earlier and now nonexistent populations can 
be learned, by study of present distributional patterns and of phylogenetic 
relationships, and by determination of detailed climatic and geological 
histories of the area. 

Senescence. There has been much speculation on the part of botanists 
on the presumed correlation of the vigor and aggressiveness of taxa 
(species, genera, etc.) with their juvenility, and of their senescence with 
antiquity. It has been theorized that genera, after cvolvemcnt, pass 
through a cycle of phylogenetic history commencing with monotypism, 
expansive spcciation, and niigration resulting in polytopism, followed by 
a decline, survival, epibioticism, and finally extinction. Cytological data in 
support of such theories have been projected, and by subjective analysis 
the speculations possess a disarming degree of rationality. The declining 
arc of this cycle is termed the senesecnce of the element. However, many 
questions have arisen that the concept of senescence does not answer. 
It is a hypothesis not yet sufliciently aecepted by many eritical plant geog- 
raphers to be classed as a theory. 

Cytogenetic criteria. The role of genetics and cytology in aiding the 
solution of basic taxonomic problems is largely the subject of Chap- 
ter VIII of this text. However, it is pertinent to considerations of dynamic 
phytogcography to point out that the determination of the cytological 
situations, such as chromosome counts, behavior, and morphology, and 
of others, such as polyploidy, amphiploidy, apomixis, and hybridity, are 
frequently of major importance in solving problems associated with 
spcciation, evolution, and regression. Through the works of Anderson, 
Stebbins, Clausen, Turesson, Babcock, and Senn (to mention only a 
few), the value and ultimate necessity of such data in arriving at the solu- 
tion of problems concerned with plant geography and with the new 
.systcmatics have been conclusively demonstrated. 
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lUOSYSTEMATICS AND (A TOGENETICS 


BiosystematicsJ in the unrestricted sense, is a phase of botanical 
research that endeavors, by study of living populations, to delimit the 
natural biotic units, and to classify them objectively as taxa of different 
orders of magnitude. This necessitates use of data from the fields of 
ecology, genetics, cytology, morp holog y, phytogeography, and physiol- 
ogy, particularly as observdcT from plants grown under artificial and 
natural conditions of environment. The biosystematist strives to deter- 
mine objectively whether a taxon (or a population) belongs in the cate- 
gory of genus, species, subspecies, etc. In this approach emphasis is 
placed on cytogenetics and cytotaxonomy supplemented by the classical 
approaches of morphology, ecology, and phytogeography. Cytotaxonomy 
is the integration of cytology and taxonomy in the effort better to under- 
stand and to resolve problems of plant relationships, and cytogenetics is 
the combining of cytological and gcnetical techniques in the effort to 
arrive at the solution of a problem. 

A first step in biosystematic investigations is a thorough sampling of 
the taxon (it rpay or may not be a species) and its populations and the 
cytological study of the chromosomes of many populations within geo- 
graphic races, species, genera, and so on. Differences in chromt^some 
number, their morphology, and behavior at meiosis usually indicate 
genetic differences of taxonomic significance. 

A second step includes the determination of the ability of the different 
populations to hybridize, and a study of the vigor and fertility of the 

* Biosvstematics is not the only term available; expet miental taxonottn is another 
term for essentially (although not originally) the same discipline, and covers transplant 
studies and cytogenetics, plus considerations of the classical aspects of taxonomy. 
xetiotwniy (the law of race or offspring) was proposed by Epling (1943) as a more 
appropriate term to connote the application of laws of blood relationship, but ha^^ not 
been adopted by biosystematists; genecolofiy (a combined form of gene ecology in the 
sense of race ecology) is used by Turesson and his followers, but this term has not 
been accepted in America where it is confused euphonically with the medical term 
gynecology (often pronounced in this country with a soft g but elsewhere with a hard c)- 

J69 
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hybrids. This discloses the presence or absenee of breeding barriers 
between groups, and is of taxonomic importance as indicating the natural 
limits of the taxa of various levels or order. 

A third step studies the homologies of the chromosomes in the hybrids, 
as determined at meiosis. These arc an important indicator of the degree 
of genetic relationship in the material. 

Information obtained from these 3 steps is compared with the data 
obtained from comparative morphology and geographical distribution. 
The resultant classification of the taxa to which it is applied (within the 
category of genus and taxa of lower level) has an increased objectivity 
over one obtained through a consideration of morphology and distribu- 
tion alone but may not in all instances be an acceptable substitute for 
the classification resulting from the synthesis of data obtained from 
all sources. 

Biio8y8t(‘matie8 and modern taxonomy 

From the generalized definition of biosystematics given above and the 
resolution of its objectives, it becomes clear that it has the same goal as 
does modern taxonomy, and that it differs from modern taxonomy only in 
points of emphasis and technique. That is, the two are basically methodo- 
logical variants of the single discipline, taxonomy. The explanations given 
below are presented to clarify these two methods of approach and to 
provide a background for the discussions of biosystematics that fol- 
low. 

Taxonomy was originally almost exclusively a descriptive science, and 
the taxonomist arrived at conclusions on the basis of gross morphologi- 
cal characters evident from the specimen, either as it grew in the field 
or as it appeared on the herbarium sheet. That is known as descriptive 
taxonomy (termed alpha taxonomy by Turrill). The primary objective of 
the descriptive taxonomist was to identify and name plants. With the in- 
crease in knowledge of the plants as they grew in the field, the descriptive 
taxonomist realized that other factors, now known as the ecological and 
phytogeographical, were correlated with the morphological characters se- 
lected arbitrarily as the distinguishing criteria, and the later descriptive 
taxonomists have taken these factors into consideration. Examples of 
descriptive taxonomists would include almost all those of the nineteenth 
century, and such recent Americans as N. L. Britton, E. L. Greene, P. A. 
Rydberg, J. K. Small, Marcus Jones, B. L. Robinson, et al. In arriving at 
their taxonomic conclusions these recent botanists did not utilize direct 
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evidence available from the disciplines of cytogenetics, cytotaxonbmy, 
comparative anatomy, embryology, and others. 

Taxonomists of the alpha school have diminished in number, and 
many now recognize the limitations of the approach. In their stead there 
are now many who practice the conviction that the most reliable tax- 
onomic conclusions result from the synthesis of pertinent information 
drawn from as many related disciplines as possible. Modern taxonomists 
seek all available pertinent evidence and make use of it. However, tew 
modern taxonomists possess the combined training of a cytologisl. geneti- 
cist, morphologist, and anatomist, and few presume to be proficient tech- 
nicians in all these and related disciplines. In their research tew person- 
ally make their own morphological and anatomical preparations, or 
conduct extensive crossing programs or transplant studies, but an increas- 
ing number initiate their own cytological investigations. On the other 
hand, they do seek and utilize evidence from such of these studies as 
have been made, independently or in collaboration, by other specialists. 

The modern taxonomist endeavors to review all known evidence, and 
lakes it into consideration in arriving at a conclusion, whereas the bio- 
systematist procures evidence by new research (alone or by teamwork) 
from the disciplines of cytogenetics, ecology (including transplant 
studies), phytogeography, physiology, and morphology, and derives con- 
clusions therefrom. The former endeavors to arrive at the best solution 
possible with that which is available within a reasonable period of time, 
as measured by practical limitations. The latter plans a program uncondi- 
tioned by the time element or presence ol practicabilities to obtain 
specific and requisite evidence before attempting to arrive at conclusions. 
Both accept the classificatory units whose rank and sequence are fixed 
by international legislation. The modern taxonomist utilizes evidence 
from every discipline without being required by strict definition and 
delimitation of those units to place emphasis on any type of evidence; 
but the biosystematist has established, in addition to these, one or more 
sets of classificatory units based primarily on ecological and genetical 
criteria (giving consideration also to correlated morphological dilter- 
ences), and has so defined their limits as to make evidence from the 
disciplines of ecology, cytology, and genetics a prerequisite to classifica- 
tion and to treat as supportive evidence that derived from other disci- 
plines. The distinctions between modern taxonomists and biosystematists 
are neither remote nor fixed, for not only do the two approaches converge 
toward a common point, but they are connected by reticulations of in- 
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creasing frequency. This is represented by the utilization of biosystematic 
methods by the modern taxonomist, and by many individuals conducting 
research projects in each of these channels. 

In general, there is a somewhat greater objectivity associated with the 
procedures and resolution of classificatory units of the biosystematist 
than with those of the modern taxonomist. The experimental taxonomist 
strives to arrive at an over-all picture of biological relationships by 
attempting to correlate the relationships evidenced by ecology, cyto- 
genetics, morphology (gross and microscopic), phytogeography, and 
physiology. There are advantages and limitations to each of these 
approaches to a common goal, but it is significant that the findings of 
taxonomy (classical as well as modern) and of biosystcmatics are of 
mutual importance, and that each contributes to the other to build a 
stronger single discipline. 

Meehan ies of evolution 

In biology, evolution is a doctrine that holds that species of living 
organisms had a common descent, through a series of modifications in 
successive generations, brought about through selection (acting on vari- 
ability) in the direction of adaptation. It is a doctrine that holds that 
higher forms of life have been derived from more primitive forms. 
Theories of evolution and genetics make no attempt to account for the 
origin of life, but many have been presented to account for the mech- 
anisms by which life forms have evolved. One of the earliest was 
l.amarckism, which maintained that evolutionary changes arc caused 
directly by changes in environment and by degrees of use or disuse on 
the part ol' the individual. This was followed by Darwinism and biometry, 
and neo-Darwinism. 

Darwinism is a theory accounting for the evolution of organisms by 
the transmission of variations, in ratios proportionate to the number of 
individuals produced during successive generations, thereby causing a 
spread in variation frequency (i.e., a few of some variants and an 
abundance of others) which “involves steady structural change in the 
group as a whole, and this change is evolution" (Simpson, 1945). The 
most notable of Darwin’s contributions, a subsidiary to his concept of 
evolution, was his theory of natural selection. This was based on 3 observ- 
able facts and two deductions.- Of the former, the first is the tendency 
of all organisms to increase numerically in a geometric ratio; the second, 

“ Adapted I mm Huxley, J Kvolutioti, the modem svntheMs London, 1943, pp 14 26, 
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the fact that despite this tendency toward a progressive increment, the 
numbers of a given species actually remain more or Icvss constant; and 
the third, the fact that all species vary appreciably in nature. His initial 
deduction, based on the first two facts, was that there must exist in nature 
a competition for survival or a struggle for existence. His second deduc- 
tion was (to quote Huxley) that, 

since there is a struggle for existence among individuals, and since these individuals 
are not all alike, some of the variation among them will be advantageous in the 
sh'uggle for suivisal, others unfavourable Consequently a higher proportion of 
individuals with favourable variations Will on the average survive, a higher piopor- 
tion of those with unfavourable variation will die or fail to reproduce themselves 
. . . Thus natural selection will act constantly to improve and to maintain adjust- 
ment of animals and plants to their surioundings. . . . 

Darwin's theories of evolution have been accepted in many respects and 
are the basis of most contemporary evolutionary concepts. Subsequent 
studies demonstrated limitations in his deductions. He did not realize 
that recombinations of many variations are but nonheritable modifications 
induced by environment, nor that existing genetic elements may produce 
new inheritable variations. Darwinism was temporarily overshadowed by 
the mutation theory of dc Vries, by Mcndelism, and surpassed by the 
work on pure lines by Johannsen, but it has since been revived in a form 
now known as neo-Darwinism. 

Mendelism, based on laws established by Gregor Mendel and redis- 
covered at the dawn of the present century, recognizes the principle of 
particulate inheritance, but in its original conception gave no explanation 
of its physical basis. With Mendelism and the recognition of genes (the 
units or bearers of heredity), genetics as a science came into existence. 
Almost immediately the chromosomes were recognized as the carriers of 
the genes. It had been pointed out by Mendel and elaborated on by 
others that the inheritance of any one unit is independent of that of any 
other unit (sometimes referred to as the particulate nature of inheritance). 
It is also recognized that a plant may be homozygous (have received like 
genes from each parent) dv heterozygous (formed by the union of 
chromosomes of unlike genes, or by mutation in a homozygote), and 
''ertain characters may be genetically dominant (be brought to expression 
by the single occurrence of a gene) while their alternatives are recessive 
(requiring the presence of a gene from each parent to come to expres- 
sion). Finally, the distribution in the progeny of the segregating dominant 
and recessive characteristics may be predicted in accordance with ratios 
resulting from chance segregation and recombination. 
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Mutations (sometimes designated “sports”) are believed generally to 
be the product of intrinsic changes in the substance or structure of the 
chromosomes. They may be responsible for minor or major differences in 
plants. One authority (Goldschmidt, 1940) is of the opinion that families 
of plants and animals may have arisen de novo by macromutation and 
that connecting links may never have existed between them and their 
presumed relatives or ancestors. This view is not generally accepted. The 
heritable variations in plants are now generally believed to have arisen 
by mutation, to have been diffused by crossing, and maintained by selec- 
tion. Modifications are the nonheritable responses of a given heredity to 
different environments, while mutations are heritable changes in the germ 
plasm or the chromosomes. Heritable and nonheritable variation may be 
differentiated only by experimentation. Mutations alter the nature of 
genes while recombinations juggle existing genes (cf. Huxley, 1943, 
p. 21 ). 

Cytological phenomena of particular significance to biosystematics and 
to the mechanics of evolution are assoeiated with problems of hybridity.*^ 
Cytological ly, a hybrid is the product of the union of two unlike gametes. 
There aie many kinds of hybrids. The taxonomist may recognize inter- 
generic hybrids (as between two genera of orchids or crucifers), inter- 
specific hybrids (between two species), intraspecific hybrids (between 
subdivisions of a species). The constitution of artificial hybrids is known 
more precisely than that of spontaneous hybrids from the wild, the par- 
ents of which are usually deduced. The degree of fertility of the hybrid 
may give some indication of the degree of genetic relationship between its 
parents. In general, hybrids between the taxonomically less closely related 
species (as determined by comparative morphology, ecology, etc.) of a 
genus tend to be sterile or of low fertility, whereas hybrids between 
taxonomically more closely related species or infraspecific taxa tend to 
be more fertile. Thus there is correlation between crossability, hybrid 
fertility, and taxonomic relationship. 

Polyploidy is a condition existing when the somatic chromosome com- 
plement of a vascular plant is composed of more than two sets of the 
monoploid (haploid) or M-number of the taxon or genus (resulting in 
triploids, tetraploids, etc.). Evidence indicates that most natural poly- 
ploids are of hybrid origin, and while they may be accepted taxonomically 
as a valid species, their origin may establish most of them phyletically as 

For discussion of the relationship of these and other cytological phenomena to 
taxonomy and evolution, see papers by Allan (1937 and 1949), Anderson (1937), Baker 
(1947 and 1950), Heilborn (i929), Lotsy and Goddijn (1928), and W. W. Smith (1933 
and 1936). 
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taxa of higher advancement than diploid species of the same gehus.^ 
For reasons indicated below, it is helpful in taxonomic studies to know 
whether a particular polyploid is an autoploid or amphiploid. 

Autoploidy is a type of polyploidy in which (fi^e Clausen, Keck, and 
Hiesey, 1945) each of the chromosome sets has been derived from the 
same species. Since in autoploids each set of chromosomes is present 
more than twice, their chromosomes may conjugate not only in 2’s but 
in 3’s, or 4’s (multivalent formations). This may lead to irregular dis- 
tribution of chromosomes to the gametes and therefore to sterility to a 
greater or lesser extent. It is unknown whether in the course of great 
periods of time, an autoploid may overcome this multivalent formation 
or not and therefore become functionally diploid — but this may be true 
in some existing autoploids of great age. 

Taxonomically autoploids are difficult to distinguish from their an- 
cestral diploids and are the least distinct of all taxa. Often they are not 
classified as distinct taxa or only as formae. However, it is held by some 
that when autoploids are morphologically and ecologically distinct from 
their diploid progenitors, biologically they should be considered distinct 
species, for the numerical difference in chromosome number adds a 
genetic barrier to the morphological and ecological distinctness. This is 
true because some sterility may result if the autoploid is crossed with a 
diploid. (There are recorded cases where tetraploids have crossed with 
diploids and produced fertile triploids, but these are unusual situations.) 

Amphiploidy (amphipolyploidy, amphidiploidy) is a particular type 
of polyploidy (allopolyploidy) characterized by the addition of both sets 
of chromosomes from each of two species. For example, the amphiploid 
Primula kewensis has 18 pairs of chromosomes and is a fertile hybrid, 
having 9 pairs of chromosomes from F. florihunda and 9 pairs from P, 
verticillata. The amphiploid is comnumly an interspecific hybrid and is 
most likely to succeed if the parent species are related sufficiently to 
produce a vigorous Fi and yet remotely enough to prevent pairing be- 
tween those of chromosomes coming from different sources. Such pair- 
ing would result in a breakdown of the balance between their combined 
chromosome sets. The amphiploid will be stable when the parental 
chromosomes are so different that those of one parent do not synapse 
with those of the other. Amphiploidy is an evolutionary process respon- 

^ In this regard it should be remembered that while some polyploid species may be 
hybrids, they are genetically stable hybrids of usually considerable age. That is, they are 
for the most part not or generation hybrids, nor necessarily hybrids that have 
arisen during the current century or centuries, but may even have originated in a previous 
geologic age. 
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siblc for the formation of many species, and sometimes genera, in natur 
examples of natural species supposed to have arisen by this means ii 
dude Phleum pratense, Iris versicolor, Poa annua, Spartina Townsend 
Rimiex Acetosella, Brassica Napus, Brassica juncea, Primus domestic 
Nicotiana Tahacuni^ and Galeopsis TetrahitJ* 

BioHVHtt'niatic categories 

The major objective of biosystematic studies is to arrive at a bett 
understanding of the natural relationships of plants, particularly tho: 
of the rank of genus and below. This also is an objective of orthodc 
taxonomy. Based on the data of genetics, cytology, ecology, and mo 
phology, the biosystematist has developed a classification for cxpei 
mentally investigated natural taxa. These categories are not intended ; 
substitutes for the units used in classical or practical taxonomy, and th( 
are not necessarily the equivalent of these, although they may be coui 
terparts of them. It is not proposed that they have status in nomencl; 
tural matters. Each provides a single-word term for a biosystemat 
situation, and in no case should the term be applied to a plant or a popi 
lation unless the situation for which the term stands has been prove 
experimentally to exist for the particular taxon. The biosystematic cat 
gories represent evolutionary nodes, and many populations occupy pos 
tions intermediate between these nodes. They are nodes in the sense th, 
each biosystematic category represents a step or a level in the evoli 
tionary scale of differentiation from that of a local population to that of 
genus (e.g., from the local population to the comparium). The nam< 
of these units are appearing with increasing frequency in taxonom 
literature, and it is incumbent on the taxonomist to understand thei 
and to appreciate their significance. None of these terms should 1: 
applied to a plant or a population unless its right to the category h; 
been established and recorded. The four most widely accepted categori( 
of the biosystematist are, in order of ascending phyletic value, ecotyp 
ecospecies, cenospecies, and comparium.^* 

The ecotype is the basic unit in biosystematics. It is accepted as 
phyletic unit “adapted to a particular environment but capable of pn 
ducing fully fertile hybrids with other ecotypes of the same ecospecies 

See Goodspeed and Bradley (1942) for a review of amphiploidy and for an enumer 
tion of 124 known amphiploids (designated by parental formulas rather than 1 
binomials), and Clausen, Keck, and Hiesey (1945). See Stebbins (1947) for discussu 
of types of allopolyploidy. 

For explanations of concepts involved in these categories see papers by Clause 
Keck, and Hiesey, Gregor, and Turesson, as cited in the references at the end of th 
chapter For a discussion of other categories of species, see Camp and Gilly (1943 
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The ecotypes of one species are not isolated by genetic barriers and 
remain genetically distinct only because they thrive in ecologically dif- 
ferent environments. One ecotype differs from another of the same eco- 
spccies by many genes and the unit is somewhat parallel with, but not 
necessarily identical to, the geographic variety or subspecies of taxono- 
mists. Some ecotypes arc the equivalents of geographic subspecies, but 
more than one ecotype may be included in these, particularly such eco- 
types as arc physiologically but not morphologically distinct. The term 
ecotype was proposed first by Turesson (1922) for an ‘'ecological unit 
to cover the product arising as a result of the genotypical response of an 
ecospecies to a particular habitat.'' Turesson later (1929) emphasized 
the genetic crossability between ecotypes. The more comprehensive 
definition of the ecotype by Gregor et al. (1936) described it as 

a population distinguished by morphological and physiological characters, most 
frequently of a quantitative nature; interfertile with other ecotypes of the eco- 
species, but prevented from freely exchanging genes by ecological barriers. 

The determination of interfertility among ecotypes of the same eco- 
species is usually established by controlled tests on plants transferred 
from the wild to the experimental ground.*^ 

The ecospecies was defined first by TuriisSQiLiis a grou p of plants com - 
prised of on e or more ecotypes, within the cenospecies , whose members 
are aHe to i nterchange their genes without detriment to^the"" offspring.^ 
Related ecospecies are usually separated by incomplete genetic barriers 
which, in addition to ecological barriers, are adequate to preclude free 
interchange of genes with any other ecospecies. When ecospecies of one 
cenospecies are crossed, the resultant hybrids are either partially sterile, 
or, if fertile, they produce many weaklings in the Fj generation (as slow- 
growing dwarfs, individuals highly susceptible to diseases against which 
parents enjoyed immunity, and teratological misfits). Such weaklings are 
unable to compete, and fail to reproduce. A few such hybrid segregates 
may possess sufficient vigor to survive. These may be reabsorbed by inter- 
breeding into one or the other parental ecospecies. Related ecospecies 
generally inhabit different but often contiguous ecological or geographical 
areas, thus retaining a relative genetic purity. In general, the ecospecies 

Different kinds of ecotypes are recognized by the biosystematist as, edaphic, climatic, 
and hiotic ecotypes'. Some authors, in an effoit to be more understandable and without 
any intention of abandoning the term ecotype, have designated these as edaphic, climatic, 
and biotic races. 

“ It has been pointed out that even ecotypes cannot exchange genes without detriment 
to the offspring if the environment favors one ecotype over the other. This is one of the 
basic reasons why genetic studies of them must be made in the garden. 
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approximates the conventional and conservative taxonomic species (re- 
ferred to by some botanists as the Linnaean species, but the species of 
Linnaeus was often more inclusive). 

The ( enospecies is a group of plants representing one or more ecospe- 
cies ‘‘of common evolutionary origin, so far as morphological, cytological, 
and experimental facts indicate.” Ccnospecies of the same comparium 
are separated by genetic barriers so nearly absolute that all the hybrids 
between them are sterile unless amphiploidy (amphidiploidy ) occurs.^ 
For this reason, distinct cenospecies may exist in a single environment 
without genetic intermixing. Rather often the cenospecies parallel the 
taxonomic sections or subsections of the genus. It is noted that ecological 
separation forms no part of the definition. As was true for the ecotype 
and ecospecies, the identification of a phylctic unit as a cenospecies must 
be based on genetic experiment to determine the degree of fertility (if 
any) of the Fi generation. 

The comparium is the biosystematic unit that often is comparable to 
the genus. It is composed of one or more cenospecies that are able to 
intercross. Distinct comparia are unable to intercross, and complete 
genetic incompatibility prevails between them. There are, however, 
numerous taxa, accepted by the orthodox systematist as genera, that may 
contain two or more comparia (e.g., in the Leguminosae). In some 
families the accepted and conventional genera are not the equivalents of 
comparia or even of cenospecies (e.g., some Crassulaceae, Orchi- 
daceae, Cruciferae). 

Discussions of biosystematic categories and concepts involve also the 
use of the genetic terms of genotype, biotype, and phenotype. As ex- 
plained by Stebbins ( 1950, pp. 36-37), 

. . . each individual organism has a genotype and a phenotype. The fienotvpe is 
the sum total of all the genes present in the individual. . . . All the first-genera- 
tion progeny of a cross between two completely homozygous individuals have 
exactly similar genotypes no matter how different are the two parents. But depend- 
ing on the degree of heterozygosity of one or both parents of any mating, whether 
within a population, between varieties, or between species, the genotypes of the 
offspiing will differ from each other to a greater or lesser degree. 

Knowledge of the existence of similar genotypes, or of the nature of 
differences between genotypes, is of fundamental importance to bio- 

It has been pointed out by Winge (1917), by Anderson (1937), and by Goodspeed 
and Eradley (1942) that amphiploidy involving distinct species produces a unit that 
genetically is a new species (oi unit of highei rank) and should be given a binomial 
(or name of appropiiate higher rank). Clausen et al (1945, p. 149) expressed a similar 
view, noting that the amphiploid is “. . . a genetic species from its inception, and the 
taxonomist may anticipate from the nature of its origin that morphological characters 
may be found to distinguish it as a taxonomic species as well.” 



BIOSYSTEMATICS AND CYTOGENETICS 


179 


systematic studies. The relationship between genotypes and biotypes 
was made clear by Stebbins (l.c.) who wrote. 

The hiotype consists of all the individuals having the same genotype . . . The 
biotype in cross-fertilized organisms usually consists of a single individual. But in 
self-fertilized plants, the individuals may become completely homozygous and pro- 
duce by selfing a progeny of individuals all within the same genotype, and therefore 
belong to the same biotype. 

The phenotype is the form or appearance of an individual, and repre- 
sents the result of external factors (as growing conditions) on its geno- 
type. Thus, two individuals of the same genotype may appear to be 
different (i.e., they have two phenotypes) if each has grown in an 
environment different from the other. Conversely, two plants may have 
the same phenotype but have different genotypes. 

Methods in experimental taxonomy 

The techniques of experimental taxonomy comprise methods of test- 
ing to determine to which of the above-described biosystematic units a 
population belongs. The most reliable evidence and conclusions are ob- 
tained from application of all methods: those of orthodox taxonomy, as 
well as those of cytology and genetics, combined with cultivation in uni- 
form and in varied environments. Ordinarily the methods of testing in 
uniform and in contrasting environments are applied simultaneously to a 
number of populations of the same and of different taxonomic rank 
within a genus. When dealing with clonal divisions of perennials, they 
are known to some botanists as transplant studies because the plants are 
moved from their native habitat and are propagated and grown in new 
environments. The work had its beginnings with the classical studies of 
Alexis Jordan, Kerner von Marilaun, and Bonnier, was later much 
expanded by Turcsson, and since has been employed by Hall, 
Gregor, Clausen et al., Marsden-Jones, Turrill, Babcock, and many 
others. 

Growth in uniform environment provides a means of studying the 
variability in heredity. Population samples of the same taxonomic cate- 
gory (c.g., species, subspecies) are procured from different environments 
and are grown in a common experimental plot or under controlled en- 
vironmental conditions. This permits comparison of behavior of plants 
of unlike heredity in the uniform environment, thereby distinguishing be- 
tween hereditary variation and environmental modification. 

^^For an account of the latter, see Clausen. Keck, and Hiesey (1948). 
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Growth in varied environments, as afforded by a series of field stations 
or artificially controlled environments, is of equal importance as a means 
of observing the interplay between heredity and environment. For this 
purpose, the individuals may be cloned and distributed to two or more 
markedly different environments. In each of the environments the cloned 
plants may then be subjected to observations such as seasonal reactions, 
and their performances measured. Conclusions obtained from the varied 
environment tests greatly help in plotting the range of environmental 
tolerances of individuals, races, and species. 

Cytogenetic analysis may involve the 3 following types or techniques. 
( 1 ) Cytological studies arc made of as many populations as practical to 
determine the possible correlations between visible chromosome differ- 
ences and differences in external morphology and geographic distribu- 
tion within the species complex. (2) Selected forms arc crossed and the 
hybrid progeny grown to determine the fertility of the Fi generation, the 
fertility and vigor of the Fj generation, and to analyze the genotypes of 
related ecotypes and ccospecies. (3) The chromosomal homologies of 
these natural units are analyzed through studies of the chromosome pair- 
ing in their hybrids. 

Crossinti prot^rams to test the presence or absence of sterility harriers 
are a part of the biosystematic study. The crossing test is applied to any 
taxa suspected of possessing these barriers, and in instances where the 
barrier is found not to be absolute the Fi and Fj generations must be 
studied statistically to determine their vigor and fertility. Such tests arc 
conducted also with plants of populations presumed to be of close affinity 
to determine the genetic mechanism that may be allowing them to retain 
distinctness. The crossing tests are applied also to geographical or eco- 
logical extremes to determine if such extremes are separated by genetic 
barriers.’* 

In any and all of these studies it is essential that complete and 
accurate records be maintained. Not only should there be records of 
cytogenetic and ecologic data, but these should be accompanied by 
photographs and adequate herbarium specimens to serve as permanent 


''Students of biosystematics should be cognizant of the work of Laibach (1920), 
Tukey (1035), Dob/hansky (1937), and Cooper and Brink (1942), that deal with isolat- 
ing mechanisms and with the endosperm as a barrier to interspecific hybridization in 
some taxa of flowering plants, as evidenced by the viability of excised embryos of 
such hybrids when grown in pure culture. This knowledge permits broadening the 
limits of interspecific hybridization although the existence of such barriers prevents 
natuial intercrossings. 
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documentary records of the material. Both herbarium specimens 
and cytological preparations are important records for future refer- 
ence. 

Importance to taxonomic research and interpretation^ : 

Aid in delimiting taxn of infrngenerir rniegories. Cytogenetic and 
cytotaxonomic studies are being applied with increasing frequency to 
problems of generic phylogcny. Taxonomists occasionally arrive at diver- 
gent views on the relationships of species within a large genus; some be- 
lieving the g:nus to oc represented by a number of polymorphic species, 
others that it contains a large number of species with intergrading vari- 
ants, and that it is composed of a number of sections or subsections, and 
still others treating it as composed of several segregate genera. Genera of 
this character are usually of wide distribution and possess a few to several 
centers of distribution. The apparent conflict of views of various taxono- 
mists working with the same genus can often be clarified by application 
of a combination of cytogenetic and cytotaxonomic studies. 

For example, Nicotiana, a genus of about 60 species, has been studied 
in detail by Goodspeed and others, and by correlating the findings of dis- 
tributional patterns and morphological differences with studies of chromo- 
some counts and breeding behaviors, it has been demonstrated that the 
genus is composed of 3 natural subgenera and 1 1 sections. “The mem- 
bers of these ‘genetic groups’ were considered to possess distinctive 
morphological, distributional, and cytological characters sufficiently in 
common, on the one hand, to demonstrate that phylogenetic relation- 
ships within the individual groups were relatively intimate, and on the 
other, to set apart the groups themselves one from another.” (Good- 
speed, 1945, p. 577.) 

Similar studies have been made, although perhaps to a lesser extent, 
by Cleland on Oenothera, by Babcock and Jenkins on Crepis, by Manton 
on Cruciferae, by McKelvey and Sax on Yucca and Agave, and by Senn 
on Leguminosae. Studies of this character are exceedingly helpful in 
determining the origins and evolutionary trends in a genus, in providing 
better evidence of primitiveness and advancement within the taxon, and 
in better enabling the taxonomist to group the species in natural rela- 
tionships. 

Aid in delimiting species. The results of biosystematic studies have 
provided the taxonomist with new data and have revitalized the interest 
and enthusiasm of taxonomic workers, especially in understanding the 
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species as a biological unit. Biosystematic studies have been in progress for 
over a quarter century, and while the taxonomist may not accept their 
approach to his problems as sole means to an end, he recognizes the 
value of and utilizes their contributions. 

rhe species (i.e., the ccospecies), as conceived by the biosystematist, 
is a group of interbreeding or potentially interbreeding individuals repro- 
ductively isolated from other groups of individuals. It is a unit de- 
limited primarily by genetical criteria and secondarily by criteria derived 
from ecological and morphological evidence. 

Botanists who consider the species a biological unit and who accept 
the genetical concept of it find the techniques of the biosystematist to 
be of considerable importance in the delimitation of species and of 
subordinate taxa. Similarly, these same techniques are a primary means 
of differentiating ecotypes from ecospecies,*- and at the same time they 
identify some taxa as hybrids and others as only biological units of lower 
classification levels (including apomicts) frequently not deserving 
nomcnclatorial recognition. The biosystematic approach is helpful in the 
solution of phylogenetic problems, utilizing the knowledge that fertility is 
usually a more certain indicator of close relationships than is nonfer- 
tility. As pointed out and explained by Turrill ( 1940), these approaches 
are useful also in the determination of the “degree of plasticity of geno- 
types, ... the occurrence and constancy of correlation of char- 
acters, . . . the occurrence and nature of sterility barriers, . . . the 
evaluation of characters, ... the recognition of hybrids, land] . . . 
the pliylogeny of species."' 

Aid in del pr mini nfji relntionships. Most biosystematic studies have 
been restricted to the cenospccies and lower units, but they are of value 
also to studies of the higher categories. Members of one comparium are 
more likely to be related to one another than to members of other com- 
paria, and this relationship may enable the biosystematist to delimit 
more objectively those genera whose circumscriptions have been diversely 
interpreted by taxonomists. In this connection it must bg recognized that 
cvolutionarily premature blocking of interbreeding through embryo- 

For application, see among others Jcnkin’s (1933) report on work with grasses. 

* * Other techniques, scarcely biosystematic m scope, have been developed by which 
numerical values, based on biometrical analysis ol cytogenetic data, have been used to 
weight moiphological characters employed in the delimitation of species and infra- 
specific units. In piactice this geneially has resulted in the circumscription of ultra- 
conservative “maciospecies." A recent application of this technique is that by Roberty 
(1950) which lepiesents an amplification of its use by Maillefei (1944), who in turn 
credited Kreyei (1930) as the originator. 
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endosperm interference may divide a phyletic genus into several com- 
paria. In such instances the comparium is not the equivalent of the 
genus. For this reason, the crossing criterion may offer little or no aid 
to the determination of generic limits in such a family as the 
Leguminosae. Conversely, the absence of sterility barriers between cur- 
rently accepted genera of some families (Gramineae, Orchidaceae, Poly- 
podiaceae, some Rosaceae, etc.) point to a close evolutionary relation- 
ship between such genera. In many families, such as Polygonaceae, 
Aizoaccae, Palmae, Vitaceae, Bignoniaceae, etc., cytogenetic data are 
scanty or lacking and must be obtained before the utility of biosystematics 
in the delimitation of their genera can be ascertained. 

Apoiiiixis 

Apomixis is a term for many types of reproduction in which there is 
no fusion of male and female gametes. In many seed plants offspring are 
produced from seeds that have developed from ovules containing un- 
reduced unfertilized eggs or from somatic cells associated with the egg. 
The resultant plant is called an apomict. Since it is produced without the 
inclusion in its germ plasm of the chromosomes or genes from a paternal 
sex cell, it is identical cytogenetically with the mother plant (unless it be 
a haploid apomict.) This reproductive phenomenon is genetically homo- 
logous with such artificial methods of asexual reproduction as propaga- 
tion by cuttings, graftage, budding, or division. 

Many types of apomicts occur.^* They may arise from sporophytic 
tissue without involving formation of a morphological gametophyte and 
egg cell (i.e., from cells of the nucellus or integument), or from the 
female gametophyte and egg cell, and yet possess an unreduced chromo- 
some number. Explanation of the causes of apomixis lies in the field of 
cytogenetics and not of taxonomy, but it is important that the taxonomist 
have an appreciation of them because a knowledge of apomixis is of in- 
creasing importance in understanding speciation in many difficult genera. 
Gustafsson has defended the view (originally presented by Ernst, 1918) 
that in nearly every group of higher plants the majority of experimentally 
proven apomicts are definitely or probably of ancestral hybrid origin. 
It is known that hybridization makes possible recombinations of mutant 
forms and sets up genetic situations favorable to the establishment of 
apomictic cycles. Apomixis may be facultative or obligative, and, while 

For detailed explanations of these, as well as a detailed treatment of apomixis m 
higher plants and an enumeration of known apomicts, see Gustafsson (1946 1947). 
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evidence is lacking, it has been suggested that the former type may pre- 
cede the latter in evolutionary sequence within a genus. 

It is known that genera containing apomicts usually are very poly- 
morphic, having a large number of taxa, and usually have a large number 
of species assigned to them by the descriptive taxonomist. Widespread 
polymorphism within an apomictic genus has been ascribed by Gustafs- 
son to ( 1 ) hybridization and segregation, (2) polyploidization and hap- 
loidization, (3) mutation, (4) autosegregation (as associated with 
apomixis), and (5) elimination of intermediate biotypes. The presence 
of apomixis in these genera makes possible the survival of hybrids and 
hybrid derivatives that ordinarily would be eliminated otherwise because 
of their sterility. The perpetuation of these derivatives in nature, often 
associated with particular distributions, sometimes results in the descrip- 
tive taxonomist’s treating each biotype or apomictic hybrid as a mor- 
phologically distinct and seed-producing species. As pointed out by 
Stebbins ( 1949), “in a sexual species biotypes equally different in mor- 
phological characteristics are passed over because they are connected by 
innumerable intermediate and recombination types.” The presence of 
apomixis cannot be established from the herbarium specimen (although 
pollen-sterility studies may be suggestive) noi from field observation of 
living material. It can be established only by carefully conducted 
cytogenetic investigation. A basic technique is to emasculate flowers, bag 
them to prevent cross-pollination, and determine if seed are sec and, if 
so, are viable. I’liis procedure is accompanied by cytological studies of 
the chromosomal situation and to determine from it the type of the 
apomictic process. The results obtained by the bcigging technique require 
careful checking before ascxuality can be presumed to exist, for, as was 
true in Guayiile (Parthouuni) , pollination may be requiied without being 
followed by fertilization, and the plants are pseudogamous rather than 
asexual propagules. 

The taxonomist has been faced by the problem of how to name and clas- 
sify plants established to be apomicts. The apomictic clone is an asexual 
propagule and by neither morphological nor biological criteria may it be 

A fiunltatnc aponiict (as in Fcstuca o\ina) lepiodiices itself both by normal sexual 
icprotliietion ami by repetition of the asexual piocess It is designated sometimes as 
an amphiapomict. That is, if the llowei is pollinated at the light time some of the ovules 
may be teitili/ed and sexual reproduction occur, oi li unpollinated or if no gametic 
union takes place, there follo^\s asexual lepioduction by apomictic processes. 

An <>hlti:aii\r apinnut (spp of Rnbus) lepioduces only by asexual means Its inability 
to repioduce sexually undei any conditions is believed by some to be due generally to 
complete failuie at meiosis to produce viable gametes: this often occurs in hybrids that 
lie the pioiieny ot parents with a high and a low chiomosome number respectivcl> 
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considered homologous with a sexually reproducing species. It should 
not be designated by a binomial. Turcsson ( 1926) designated facultative 
apomicts of Festuca ovina by a ternary epithet preceded by the ab- 
breviated designator aapm (amphiapomict). Babcock and Stebbins 
(1938) found Crepis to contain primitive sexual species (diploids) and 
apomictic agamospecies (a large, variable complex), and designated the 
components of the latter by ternary names, as formae apomictae of the 
primary species. However, in some instances the primitive sexual species 
is not now extant, yet apomicts inferred to have been derived from it have 
been demonstrated to exist. I'o provide also for this contingency, Gus- 
tafsson (1947) proposed that apomicts (apomictic strains) be desig- 
nated by binomials and be called microspccies (abbreviated, msp.), a 
taxon that ‘‘may, or may not, contain several close biotypes. His nomen- 
clatLiral treatment of them is in accordance with the taxonomic practice 
of European taxonomists dealing with apomictic complexes, but injects 
a source of confusion into botanical nomenclature by using the binomial 
for 2 concepts of a species. There is no provision in the Rules requiring 
use of the designator msp to distinguish one kind of a species fre^m an- 
other. The nomenclature of apomicts was the subject of much discussion 
at the Stockholm Botanical Congress ( 1950). It was voted there to add a 
new article to the Rules to provide for this contingency. This article, now 
in clfcct, reads as follows: 

'I’axa which are apomicts may, if so dcsiicd, be ticaleU in the following manner 
(1) if they are considered of specific rank, by the interpolation of the abbievia- 
tion (ip between the generic name and the epithet; (2) if they aie consideied to 
be of infiaspecific rank, by the interpolation of the abbieviation up between the 
categories. 

The application of this rule presents no dilficulties. If, in the hypothetical 
case of a Ruhus, a taxon first described as Ruhits novns later is estab- 
lished to be an apomict, this biological situation may be indicated by 
designating the taxon as Rubus ap. novus. In the event it is held to be 
only a form of a species having an older binomial (for example, Ruhus 
altus), it could be designated as Rubus altus f. ap. uovus. The Rules do 
not provide a new category for apomicts. The interpolation of the abbre- 
viation ap. docs not of itself constitute the making of a new name or com- 
bination of names (i.e., no new author citation is involved). However, if a 
known apomict having only a binomial is being reduced in rank to a lower 
category for the first time, the publication of that change in rank must be 
made in accordance with the directives of the Rules (cf. p. 201 ) and 
the publication of a new name or of a new combination may be required 
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LiniitutHinH of cytogenetic crit«*ria 

A presentation of the limitations of cytogenetic criteria, in so far as 
they apply to taxonomy, demands recognition of equally significant limi- 
tations of taxonomic criteria as they apply to taxonomy and especially 
to phylogeny. The weakness of the taxonomic approach has been em- 
phasized in the chapters on the principles of taxonomy and phylogenetic 
criteria, and just as there is a responsibility to point out those inherent 
in previous and current taxonomic thinking, so should the student of 
taxonomy be informed of and be able to recognize the more significant 
shortcomings and inadequacies of published cytogenetic findings. This 
IS particularly true since both biosystematics and modern taxonomy are 
predicated on the significance of cytogenetic evidence. 

The classificatory units of ecotype, ccospccies, ccnospccies, and com- 
parium by definition are circumscribed to an appreciable extent by 
cytogenetic criteria, and they arc not biologically oi taxonomically the 
exact equivalents of such pre-existing taxa as genera, species, subspecies, 
etc., established by international legislation. A major limitation is im- 
posed on the quantitative productivity of the biosystematist by the time 
required to obtain the cytogenetic evidence necessary to permit his 
classification of a plant or a population. This may be offset, to be sure, 
by the qualitative level of the result, but it is a limitation as measured by 
the demands placed on taxonomy. This limitation is one reason why the 
biosystematic approach is of greater importance to the determination of 
the phyletic classification of the individuals and populations than it is to 
their identification. In other words, because of this time-factor limita- 
tion, both biosystematics and modern taxonomy are indispensable to one 
another and neither is likely to absorb the other. 

The biosystematist depends on the methods of the taxonomist to iden- 
tify and name the organisms with which he works, and the taxonomist will 
rely on the biosystematist to help him ascertain the probable biological 
category in which each organism belongs. Each must decide whether the 
organism belongs in an approximate equivalent taxonomic category (as 
the comparium is to the genus ) or if, for practical considerations, the best 
interests will be served by treating it otherwise. For example, the litera- 
ture indicates that all taxonomists accept as taxonomically valid the 
tropical orchidaceous genera Cattleya, Brassavola, and Laelia, yet no 
genetic barriers exist between some or all of their species (the trigeneric 
hybrid Brassocattkwlia is represented by many hybrids designated by 
trinomials). It is doubtful if any modern taxonomist would combine 
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these 3 genera under a single generic name, although by the standards of 
the biosystematist no one of the 3 genera appears to approach the genetic 
distinctness of a compariumJ'* The geneticist, while passing no judg- 
ment on their validity as genera, might say that the situation (repre- 
sented by readily interbreeding genera) suggests that evolutionarily 
these genera are very closely related. If one were to start with plants 
representing species of these genera, transplanted from nature, and were 
to determine their biological status by biosystematic methods, it would 
require about 15 years to produce a flowering Fo and to arrive at a con- 
clusion as to its phyletic classification. Similar studies with many woody 
plants would require longer periods; a major limitation to biosystematic 
investigations. 

Cytogenetic data are only as reliable as the identification of the ma- 
terial used in the study. Scores of examples can be cited of chromosome 
numbers of indigenous material of species, published without the identity 
of the plants involved having been documented by herbarium speci- 
mens.^* The discerning taxonomist is increasingly reluctant to cite or to 
rely on chromosome numbers published in atlases or other compilatory 
lists unless it is known that the identity of the specimens used for the 
study may be verified.’'^ Unfortunately the great majority of cytological 
findings known in some quarters as unreliable have not been so pub- 
licized, and the average taxonomist is unaware of the situation. For this 
reason it is most important that adequate herbarium specimens be made 


’•'The reverse situation, already pointed out, exists among some taxa treated by the 
eoiiscrvative taxonomist as genera, and by the splitter as several geneiii, for here the 
b'osystematist may find (as in the Leguniinosae, Astragalus for example) that some of 
the so-called species of the taxonomist react cytogenetically as do comparia. This appli- 
cation of cytogenetics would indicate that no one of these apparent comparia could be 
treated taxonomically as the equivalents of genera. 

It is known that many plants in botanic gardens and arboreta arc not the species 
(and sometimes not the genera) that then label names indicate, yet both the taxonom.st 
and the cytogeneticist use this material (or worse, seeds from it that on germination are 
found to be inadvertently produced hybrids of which it is the seed parent) for their 
studies without attempting either to verify the identification of the plants or to make 
herbarium specimens of those used in their researches from which future reidentilications 
may be made. 

One example selected from many serves to illustrate the need of herbarium prepa- 
rations of material used m cytological studies. In 1924 Longley published cytological 
studies in Ruhus (Amer. Journ Hot. 11: 249 282) that weie based on collections then 
growing at the Arnold Arboretum but that since have been destroyed, species names in 
the paper were taken from garden labels, no herbarium specimens were reported to have 
been made of the plants, and it is a matter of record that the identity of those particular 
Ruhus collections has been recognized by several competent authoiities to have beer 
badly scrambled Despite this situation, documented in the record, taxonomists continue 
to cite Longley ’s paper as valid evidence of cytological conditions alleged to exist ir 
species represented by the reported binomials. If adequate herbarium material had beer 
prepared and was extant, some of this cytological evidence might be salvaged. 
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of all plants used in biosystematic studies and that they be cited in pub- 
lished results.*'* 

In addition to the above limitations, the student should note also that 
other botanical evidence is to be included in future biosystematic studies 
if they are to rellect a synthesis of all available evidence. Information 
valuable to the resolution of generic limits is to be found in the studies of 
comparative embryology as proposed by Just (1946). Biochemical 
studies have shown that serological techniques may be of greater sig- 
nificance in resolving relationships in minor taxa (as genera and sub- 
species) than of many higher taxa, and there is evidence that exploration 
of the physiological functions responsible for the serological end products 
may be more significant as an aid to determining natural relationships. 
Most published biosystematic work has dealt with the more polymorphic 
taxa (plants whose speciation in many instances has not been resolved 
satisfactorily by any previous taxonomic methods), and highly valuable 
contributions have resulted. It is to be expected that the resolution of 
many problems of generic delimitation among less polymorphic taxa will 
be approached by the application of biosystematic analysis.-** There is 
promise that cytogenetical and biosystematical studies will do much 
toward providing scientific answers to these and other problems of classi- 
fication, and certainly the phylogenetic classification of taxa at the level 
of genus and below cannot be answered without benefit of their findings. 
Modern taxonomy will not approach the ultimate in progress unless it 
utilizes to the full the evidence provided by the biosystematist. 
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CHAPTER IX 


PLANT NOMENCLATURE 


Nomenclature ^ is allied to taxonomy in that it deals with the deter- 
mination of the correct name to be applied to a known taxon or to a 
known plant. Once a plant has been identified, the correct name must be 
given it. This is a function of nomenclature. As illustrated in the Intro- 
duction- identification is one thing, nomenclature is another. 

Plants are objects and some of them have always been useful to man. 
Fuir this reason, prehistoric man must have talked about plants, prob- 
ably differentiated the useful from the useless, and in so doing he must 
have given them names. There is no record of the beginnings of plant 
nomenclature, for they are as obscure as the records of earliest civiliza- 
tions. 'Flic first books dealing with plants arc taken direct from early 
Greek or I.atin manuscripts, or are ancient translations into those 
classical languages. T he plant names in them likewise are generally in 
Greek or Latin, but some are unaltered barbarous names used by the 
then uncivilized tribes. 

T he scientific names v)f plants arc now based on the Latin language, 
known universally by scholars and students throughout the world. De- 
scriptions of plants arc not written in the classical Latin of Cicero or of 
Horace, but in the “lingua franca” spoken and written by scholars during 
the Middle Ages. This Latin was a development of the popular or 
“vulgar” Latin spoken by ordinary people in classical times, and was 
written by all but a handful of poets and literary men (cf. Bodmer, pp. 
309 348). Latin is specific and exact in its meaning. By its preciseness 
and conciseness it is particularly pertinent to the needs of descriptive 
phases of the natural sciences. T he Latin language employs the Roman 

* W'cbstcM's UnabndycJ Dictionary, ed 2 (1948), gives the picteried pronunciation of 
nomenclatiiie to be nd-m< n-cla-tuic, with the accent on the fiist and thud syllables. In 
discussing inatteis ot nonieiiclaluie, distinction should he made between the woids 
nomenclatuial and nornendatoiial When the subject is nomenclatiiie, the adjective 
noincm laiUKil, oi the adverb nomctulatinallw is used When it is a book or woik deal- 
ing with names and their synonyms (i.e., to a tiomcuclatar, as Steudcl’s Nomenclator, or 
the original Index Kewen^is) it may be referred to vis a twmenclcitofial work. 
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alphabet, and for this reason the use of Latin words in plant names 
obviates the confusion that would result if these names were written 
indiscriminately in the characters of other alphabets as, for example, 
Greek, Chinese, Hebrew, or Sanscrit. 

Objections have been raised against employment of l.atin names for 
plants. Efforts have been made to develop an English nomenclature based 
on the use of English rather than Latin names. 1’he current edition of 
Standardized plant names (1 940) is an example of an attempt in this 
direction; in it every plant was given a so-called ‘‘common name'' which, 
in most cases, represents not a commonly known name but an angliciza- 
tion of the Latin name. It has been proposed (Kelsey, EM.'S) that these 
“common names" be employed for all horticultural and economic plants, 
that they be established and made permanent, and that governmental 
legislation be enacted to provide an agency to enforce their employment. 
There are many basic problems that confront the advocate of a system 
comprised only of English names, or of names based on any spoken 
nationalistic tongue. In the first place, it is dinicult to ascertain which 
of several English names for a given plant may have been employed 
first, and secondly, these names by themselves are of little use in iden- 
tification, inasmuch as there arc no treatments of the world flora based 
on them. 

Many English names have often been applied to the same plant Eor 
example, the poisonous shrub Rhus Vernix is known variously as poison 
sumac, poison dogwood, poison elder, swamp sumac, etc. There are in- 
numerable instances where the same English name has been applied to 
wholly different plants: in some regions a cowslip may be the marsh 
marigold (Caltha palustris), while in others it is a primrose (Primula 
veris); the purple loosestrife is Ly thrum Salicaria (a member of the 
Lythraceac), but the yellow loosestrife is lAwimachia vulgaris (a member 
of the Primulaceae) ; likewise, when is a pine a pine, for in the vernacular 
a pine may be a species of Pinus, Araucaria, A^athis, Callitris, or 
Casuarina. English names may indicate no close affinities at all, for 
while the oaks may be associated with the genus Quercus, the tanbark 
oak is a Lithocarpus, the poison oak a Rhus, the silk oak a (Jrevillea, 
and Jerusalem oak a Chenopodium. 

It is not possible to learn the scientific name of most plants if only 
their vernacular names are known, for all botanical works by which 
plants arc classified are based universally on Latin names. Another bar- 
rier to the exclusive use of common, or anglicized, names is that their 
employment is restricted essentially to the people of one language. An 
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acceptable system of nomenclature must be international in character. A 
rose has a different vernacular name in the tongue of every people by 
whom it is known. Multiply the hundreds of vernacular names of cul- 
tivated or native roses by the number of languages to which they are 
common, and a concept is gained of the extent of nomenclatural chaos 
that would result should such a system be applied, to the exclusion of 
Latin names, to all plants. 

I’he use of scientific names, rather than of common or vernacular 
names, has much to commend it. Scientific names do indicate generic 
and usually genetic relationships; hence they are of biological signifi- 
cance. They arc international in scope and arc common to all tongues, 
and they arc relatively unambiguous. It has been said that scientific 
names are difficult to pronounce and to remember, that because they are 
polysyllabic they arc confusing, and that to the non-Latinist they are with- 
out meaning. The puerility of such contentions becomes apparent when 
one listens to youth conversing freely about superheterodynes, polyclinal 
cleavages, and television, or the modern mother and housewife dis- 
cussing ribollavin, schizophrenia, conjunctivitis, or even paradichloro- 
benzene. 

of organized iioinonclaUire 

Before the middle of the eighteenth century the names of plants com- 
monly w'cre polynomials. 1 hat is, they arc composed of several words 
in a series, constituting a more or less terse description of a plant. It w'as 
a cumbersome system and, with additions of hundreds of plants new to 
science, was superseded by the binomial system, which was used to a 
degree by Rivinus and later was employed by Linnaeus ( in his Species 
pkuitarufu, 1753). The binomial system postulates that the name of 
every species of plant consists only of two words (for example, that of 
the white oak is Quercus allm): in this binomial, the first word 
{Qitercus) designates the genus to which the plant belongs, and the 
second (alha) a particular species of that genus. This second word of a 
plant's name is a specific epithet; the two words in combination comprise 
the species name and form a binomial, and the binomial is a binary 
epithet. 

The advent of increasing numbers of new plants from areas of recent 
exploration caused concern over methods of naming these novelties, 
and elemental rules were proposed to serve as guides to plantsmen. The 
rules of nomenclature as we know them today had their beginning in 
Linnaeus' Critica hotanica (1737), a work comprising an elaboration of 
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the Aphorisms of his Fumhimenta hotanica (1736). The former was 
written primarily to explain the taxonomic and nomen :latural prin- 
ciples employed by Linnaeus in his (iencm plantarufn and Hortiis Clif- 
fortianus. The Aphorisms constituted his Principles of Nomenclature and 
many of them are paralleled closely by contemporary rules of nomen- 
clature.- Later, in his Philosophia hotanica (1751), Linnaeus ampli- 
fied the views expressed in his Aphorisms and Principles and established 
the real beginnings of a sound nomenclature for plants. 

In the days of Linnaeus, by common accord, no two genera could have 
the same generic name, and no two species within a given genus could 
have the same species name. It was accepted also that when a genus was 
divided into two or more genera, the original generic name must be re- 
tained for one of them; that when a variety was recognized, it must be 
associated nomenclaturally with that species of which it was a variant and 
not be given a binomial name apart from the parent species. However, 
except for Linnaeus' Principles of Nomenclature, there were no generally 
accepted rules governing the naming of plants. In a general way, priority 
of publication was given recognition; most authors after the time of 
Linnaeus endeavored to avoid assigning dilTcrent names to identical 
species or identical names to dilTerent species, and when such situations 
did arise there was a tendency to employ the earlier name in subse- 
quent works. However, the number of species and genera new to science 
increased so rapidly during the early part of the nineteenth century that 
confusion in nomenclature did exist. For many years there was no index 
from which botanists of one country or district might learn of names that 
had been employed elsewhere by other botanists. 

The appearance in 1 8 1 3 of Augustin dc Candolle’s Theorie elementaire 
cie la hotanupie provided the first significant work since the publications 
of Linnaeus, on explaining matters of organography and nomenclature. 
On pp. 221-257 of the first volume, he gave explicit instructions on 
nomenclatural procedures, many of them taken from Linnaeus, and 
pointed out the fallacies of proposals and practices of other botanists of 
that generation. Here, for what probably was the first time, was given a 
complete and detailed set of rules on plant nomenclature; rules that 
definitely were the forerunner of the Lois de la nomenclature hotanique 
proposed a half-century later by his son, Alphonse de Candolle. 

The first important post-Linnaean index to the names of flowering 
plants was Steudel’s Nomenclator botanicus (1821). This work com- 
prised a list of the Latin names of all flowering plants then known, to- 

- See Sir Arthur Hort’s English translation of the Cntica hotanica, 1938. 
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gethcr with their synonyms. A second edition appeared in 1840. The 
Nomenclator was used universally by botanists of Europe and America, 
and was the forerunner, by more than half a century, of the now cur- 
rent Index Kewensis. 

In many countries the nomenclatural patterns and practices were set 
by botanists of considerable prestige, influence, and veneration. Names 
employed by them gained ascendancy even though their application may 
have been influenced unduly by national or personal jealousies. As time 
passed, the need for unification of procedure became increasingly ap- 
parent, and the Swiss botanist Alphonse de Candolle headed the move- 
ment for an assembly of botanists to study the situation and to initiate 
corrective measures. 

of nonienrlatur<‘. PariH Coile, 1867 

The first organized efforts towarjJ standardization and legislation of 
nomenclatural practices were at the First International Botanical Con- 
gress, meeting in Paris in August, 1867. About 150 European and 
American botanists were invited to attend this Congress. In ad\'ance of 
their arrival de Candolle sent to each for preliminary study a copy of his 
l.ois de la nomenclature hotanique (Laws of botanical nomenclature). 
At the Congress these laws were scheduled for discussion, and after a 
few days of relatively uncritical study and slight revision it was resolved 
that, “these Laws, as adopted by this Assembly, shall be recommended 
as the best Guide for Nomenclature in the Vegetable Kingdom.’' By these 
“de Candolle Rules” (as the rules comprising the Paris Code of 1867 
arc often known) the starting point for all plant nomenclature was with 
Linnaeus (no date or work of Linnaeus was specified for this starting 
point); the rule of priority was treated as fundamental, and no provision 
was made tor exceptions to it; considerable attention was given to the 
matter of author citation and to the terms to be applied to the cate- 
gories of plants; and the requirements for valid publiealion and for 
acceptance and rejection of names were established. The rules of the 
Paris Code represented an excellent beginning in the right direction, but 
their application revealed numerous inherent deficiencies. The need for 
modification and for revision became increasingly evident, with the 
result that scarcely a decade had elapsed before various schools of 
thought were putting into practice individual interpretations and “rules” 
that were not a part of the Paris Code. The international character of 
the code was soon dissipated. 

One of the early major divergences from the Paris Code was the 
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practice on the part of many English and American botanists, and' some 
others, was the practicing of the so-called “Kew Rule.’' By this unwritten 
rule, if a species was transferred to another genus the specific epithet did 
not follow that species to the new genus. In the new genus the species 
received the first specific epithet assigned to it in that genus. If no epithet 
previously had been given to the species in the new genus, the author 
was free to give it a new epithet in the new combination. This is contrary 
to directives of the present Rules, where (subject to certain exceptions) 
the first specific epithet given to a species remains with that species irre- 
spective of the generic name with which it is combined. It is significant 
to note that this “Kew Rule” was followed in the compiling of the first 
volumes of Imiex Kewctisis. 

Rochester ('ode, 1B92 

In the United States, a group of botanists, under the leadership of N. L. 
Britton of the New York Botanical Garden (Fig. 23), developed a set 
of rules to govern plant nomenclature. These rules, believed by them 
to be based on more objective fundamentals than those of the Paris 
Code, were presented for discussion at the meetings of the Botanical 
Club at the meetings of the American Association for the Advancement 
of Science, held in Rochester, N. Y., in 1892. Usually they arc re- 
ferred to as the Rochester Code. 

The basic differences between the Paris and Rochester Codes were in 
the establishment by the “Britton School” of ( 1 ) the concept of types as 
a scientific and fundamental basis by which to determine the precise 
application of names (each species to be based on a specified herbarium 
specimen to be known as the nomenclatural type of the binomial, and 
larger units of classification to be based on a species, genus, or family); 
(2) the strict application of the rules of priority which admitted no legis- 
lation comparable to a “Kew Rule”; (3) the acceptance of all binomials 
lesulting from application of the rule of priority, even though the 
speciiit name repeated the generic name (tautonymy); and (4) the 
interpretation of the rule of priority to apply not only to the date of 
publication but also to the precedence of a name within a publication, 
ruling that if two names on a given page were later treated as belonging 
to the same plant, the first name on the page had precedence over the 
second name. 

The staunch advocation of these rules and their employment by the 
advocates of the Rochester Code created two opposing schools of thought 
among American botanists. One was headed by Dr. Britton and his stu- 
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dents, the other by students of Asa Gray and those concurring with the 
more conservative philosophies prevalent among the botanists influenced 
by Kew. 

Vienna Code, 1905 

1 he first botanical congress that was functionally international in 
character, and that gave extensive consideration to nomenclatural mat- 
ters, was the Third International Congress which met in Vienna in June, 
1905. This congress was preceded in 1900 by the Paris Convention, at 
which plans were made for serious study of the entire nomenclature 
problem, a study conducted during the 5 years prior to the Vienna meet- 
ings (Briquet, 1905). Unlike the situation existing at the time of the 
Paris Congress (1867), where no special effort was made to insure a 
voting membership representative of botanical strength on an interna- 
tional scale, nor to insure that the membership be limited to com- 
petent and designated delegates, the voting membership of the Vienna 
Congress was both restricted and representative.'^ 

At this Vienna Congress, advocates of the Rochester Code endeavored 
unsuccessfully to have their basic tenets incorporated in the revised rules. 
I'he rules, as finally adopted, were based on those of the 1867 Paris 
Code, but were modified and amplified considerably. The more important 
changes included the establishment of Linnaeus’ Species plantarum 
( 1753) as the starting point of the nomenclature of vascular phints, and 
the acceptance of descriptions of genera, as established by Linnaeus in 
the fifth edition of his Genera plantarum ( 1754), to validate the publica- 
tion of the generic names appearing in his work of 1753; the establish- 
ment of a list of generic names to be conserved, because of their wide 
use, over earlier but less well-known names {nomina generica con- 
servanda); the requirement that names of new groups be accompanied 
by Latin diagnoses; the ruling that tautonymy (repetition of the generic 
name as a specific epithet, as, Fagopyrum Fagopyrwn vice Fagopyrum 
esculentum ) was not admissible; and that the date of publication alone 
determined the priority of a name. Because the Congress insisted on the 
adoption of nomina generica conservanda, most adherents of the 
Rochester Code refused to abandon their cause, and would not subscribe 

•’ It has been alleged by some critics of this congress that it was strongly dominated 
by a German-speaking bloc of central-European botanists. However, the 258 designated 
voting delegates represented 205 botanical institutions and were distributed politically 
as follows: from Germany 19 per cent, France 17 per cent. United States 15 per cent, 
England 7 per cent, Austria 6 per cent, Italy and Switzerland each 5 per cent, Russia 
and Holland each 4 per cent, Sweden 3 per cent, Belgium, Denmark, and Hungary each 
2 per cent, Norway and Japan each 1 per cent, etc. 
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to the Vienna Rules. For this reason, the Vienna Rules did not gain 
world-wide acceptance. 

The Fourth International Congress met in 1910 in Brussels. Its only 
significant action, in regard to plant nomenclature, was the establishment 
of different starting points for priority of names of nonvascular plants, 
the recognition of the value of the “type concept” as proposed by the 
Rochester Code (but not its incorporation into the Rules), and clarifica- 
tion of phraseology in several of the Vienna Rules. 

American Code, 1907 

The proposals of the Rochester Code formed the basis of the Ameri- 
can Code, and the two are not significantly different except that the latter 
was modified in some respects to agree with the Vienna Codp, although 
its proponents refused to accept either the principle of tiomhia ^enerica 
conservanda or of requiring Latin diagnoses to accompany names of new 
taxa. On the other hand, the American Code was predicated on the ac- 
ceptance of the type concept, and provided also that a binomial may not 
be used again for a plant' in any way if it has been employed previously 
for another plant, even though the previous use may have been illegiti- 
mate. This revision otxhc Rochester Code was published in 1907 under 
the name American Code (cf. Amer. Nomen. Comm., 1907). Its sponsor- 
ship and circle of adherents remained essentially unchanged, and was 
mainly that which supported the Rochester Code movement. 

The committee on nomenclature of the Botanical Society of America, 
acting under pressure from supporters of the American Code, formulated 
a new code in 1918 and, in an effort to enlist the support of more Ameri- 
can botanists, called it the Type-Basis Code (cf. Hitchcock, 1919). This 
code differed from the American Code only in minor respects, making 
the doubtfully significant concession to the effect that, at a later date, a 
list of nombia generica conservanda might be added if, in the opinions 
of its advocates, such a list were to become desirable. No such list ever 
was prepared, and the code never was adopted by the Society. 

International Rules of Botanieal Nomenclature, 1930 

It was not until the close of the Cambridge (England) Congress^ of 
1930 that accord and harmony existed among major botanical factions. 
Initial steps toward this goal were taken in Europe in the early 1920’s 

^ Sometimes erroneously referred to as the “London Congress.” The latter is properly 
known as the Imperial Botanical Conference and convened in London in 1924. (Cf. 
Rendle 1924, Spiague 1929). 
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(cf. Sprague, 1924) and further progress was effected at the Ithaca 
(N. Y.) Congress of 1926. At the latter congress no fundamental nomen- 
clatural matters were brought to a vote, but these were subjects of dis- 
cussion, and were assigned to a permanent committee for continued study. 

At the Cambridge Congress, every effort was made to harmonize the 
basic differences between the Vienna Rules and the American Code. In 
preparation for this, credit must be accorded to T. A. Sprague and 
M. L. Green for their success in convincing leaders at botanical centers 
on the Continent and in Britain, and to A. S. Hitchcock, leader of the 
American Code bloc, for his reconciliation of colleagues and associates 
to the necessity for compromise (cf. Sprague, 1920). As a result the 
new rules legislated at Cambridge were a product of conciliation and 
accord by parties of both factions. For the first time in botanical history, 
d code of nomenclature came into being that was international in func- 
tion as well as in name. 

i International Rules of Botanic^al Nomenclature 

The third edition of the International Rules of Botanical Nomenclature 
resulted from the decisions reached at the Cambridge Congress. At the 
Sixth International Botanical Congress, Amsterdam (1935), the Rules 
were again a subject of discussion, and only one major change was legis- 
lated. It provided for the advance from January 1, 1932, to January 1, 
1935, as the date after which all diagnoses of plants new to science (ex- 
cepting the Bacteria) must be in Latin. Other changes consisted 
primarily of clarification of phraseology of rules and recommendations. 
At the Amsterdam Congress, there was an organized movement for the 
establishment of a selected list of nomina specifica conservanda. This 
principle was rejected by the Congress by a vote of 208 to 61. 

The third edition of the Rules contained an enumeration of the 
nomina ^enerica conservanda as of 1935. In the supplement to that edi- 
tion (Sprague, 1948) was given an enumeration of the nomina generica 
conservanda proposita (generic names proposed for conservation), and 
additional names were proposed for conservation subsequently. By au- 
thority granted by the sixth Congress (cf. Proc. Int. Bot. Congr. 1 : 359, 
1936) the Special Committee for Phanerogamae and Pteridophyta pub- 
lished an enumeration of additional nomina generica conservanda {Pteri- 
dophyta and Phanerogamae), This included the ferns and seed plants 
proposed for conservation in the third edition of the Rules, plus about 
300 additional genera proposed subsequent to 1935 (cf. Sprague, 1940). 
A full account of the action taken at the 1935 Congress is available in 
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the Proceedings (1936) and has been summarized briefly by Sprague 
(Science, 1936, Kew Bull., 1936).'* 

The Rules of Nomenclature are divided into chapters and sections, and 
these are subdivided into articles and recommendations. Botanists who 
follow the Rules accept the articles as mandatory and binding, they arc 
‘‘the law"; the recommendations are provided for guidance, that more 
uniform practices may result. At the end of the Rules, several appendices 
are provided; each is devoted to a special topic and is a source of instruc- 
tion, guidance, and supplementary information. Here will be found such 
subjects as typification, classified lists of conserved names, and directives 
pertaining to the nomenclature of cultivated plants. 

At the time of the present writing, the third edition of the Rules, as 
modified at Amsterdam, is current but is to be replaced by a new and 
fourth edition based on legislation enacted at the Seventh International 
Botanical Congress (Stockholm). 

The Seventh International Botanical Congress was held in Stockholm 
in 1950, and the Rules of Nomenclature were the subject of lengthy and 
considered discussions (cf. Lanjouw, 1950). Many minor changes and 
refinements were legislated and will be incorporated in the next edition. 
Notable among the results effected at the nomenclature sessions of this 
1950 Congress arc the following modifications or changes to the third 
edition of the Rules: 

The introduction into the Rules of the term taxon (pi. taxa) as the designator of 
any taxonomic entity or group (cf. p. 53 for explanation of the term). 

The elevation of a former recommendation to the mandatory level of article, to 
lead: “Names of orders are taken from that of one of their principal families, with 
the ending -ales . . . For names of taxa above the rank of family, the rule of pri- 
ority IS not compulsory " 

Complete revision of the section on the names of hybrids and other special cate- 
gories It was provided that names of nothomorphs (different hybrid forms of the 
same parentage, i.e , of pleomorphic hybrids) “may be designated by an epithet 
preceded by a binary name of the taxon and the term nothomorph (abbreviated 
as nm.) in the same way as subdivisions of species are classed under the binary 
name of the species.” 

Addition of a new article in this section for the nomenclatural treatment of 
apomicts. It reads: “Taxa which arc apomicts may, if so desired, be treated in the 
following manner: ( 1 ) if they are considered of specific rank, by the interpolation 
of the abbreviation ap. between the generic name and the epithet; (2) if they are 
considered to be of infraspecific rank, by the interpolation of the abbreviation ap 
between the categories.” 

A complete revision of Art. 18 (cd. 3, of the Rules), dealing with the subject of 
selecting and designating types, resulted in the establishment of 5 articles and 2 
recommendations in an effort to more adequately deal with this difficult subject. 

An unofficial edition of the rules of nomenclature has been published (see Camp, 
et al , 1948) in which weie brought together all approved nomina conservanda. 
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Rev.ision of the article dealing with the names of cultivated plants (Art. 35, ed. 
3). Henceforth it is to be associated with a new Appendix VI L 

The clarification and amplification of conditions of valid publication of names 
involved many minor changes. 

The provision of the Rules (Art. 63, ed. 3) allowing the designation of certain 
names as nomina duhia was rejected. 

A new article which provides in effect that a taxon of any rank below that of 
species, which includes the type of the species, is to be designated by a repetition 
of the specific epithet and without the citation of an author’s name. This retroactive 
Rule requires rejection of such subdivisional epithets as typicus, geniiiniis, or 
onginanus. 

An amendment to Art. 70 of the Rules (ed. 3) by which it is now directed that 
“the use of the terminations / or ae, instead of li or iue ... is treated as an 
orthographic error” and is to be corrected. 

The Congress rejected the principle of nomina specific a conservanda by a ballot 
of 320 to 40 votes (cf. p. 200 for similar action taken on this subject in 1935). 

A rephrasing of a former recommendation which dealt with the capitalization of 
specific names. (Rec. XLII, of ed. 3 ) and now reads: “All specific and trivial names 
or epithets should be written with a small initial letter, although writers desiring to 
use capital initial letters for particular names or epithets may do so . . .” 

A new appendix was prepared and approved for the determination of types. 

These and other changes to the Rules made at this Congress became 
effective immediately, and botanists knowing of them should not await 
publication of a new edition of the Rules before following them. 

Primary and olht^r provisions of the Rules 

The advent of a fourth edition of the Rules, in which the numbers of 
the articles and the recommendations of the current (third) edition will 
be displaced by new numbers, makes it impractical to discuss the indi- 
vidual directives by number. For this reason the context of the Rules is 
presented below by chapters, sections, and subsections. All discussions 
below arc based on the Rules as they stand as a result of legislation 
enacted at the Stockholm Congress. This digest of the Rules is in no 
sense a substitute for them, and the student must consult the official 
editions of the Rules for all nomcnclatural directives. The carefully 
selected examples that are provided as illustrations of the application of 
each article are especially helpful and contribute materially to a clearer 
understanding of each article. Quotations of articles in the following text 
are based on the forthcoming edition of the Rules, but have no official 
sanction or standing. 

CuAPThR 1. General Consideuitions and Guiding Principles 

These few articles provide in essence a preamble to the Rules, and ( 1 ) establish 
the need for Rules; (2) declare the independence of botanical from zoological 
nomenclature; (3) provide for the basis of scientific names on the Latin language; 
(4) delimit nomenclature to dealing with terms of rank and name; and (5) specify 
that the Rules apply to all forms of plant life. 
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Chapter II. Categories of Taxa, and the Terms Denoting Them 

This is composed of 4 articles by which are specified the names of the categories, 
from species through division, and their order of sequence. 

The units of classification (le., the categories of taxonomic groups, such as 
orders, families, genera, and species) constitute a separate section treated on page 
217 of this text, where their nomenclatural status is explained. For a diseussion of 
concepts, circumscription, and taxonomic status of these categories see pp. 44 56. 

Chapter III. Sanies of Taxa 

This chapter contains the major portion of the Rules, and is divided into 15 
scetions. 


Section 1. The pn'nciple of piioritv 

This section provides that: The pin pose of giving a name to a taxon is not to 
indicate the characters or the histoiy of the taxon, but to supply a means of refer- 
ring to it. 

Fach taxon with a given circumseription, taxonomie position, and rank can bear 
only one valid name, the earliest that is in accordance with the Rules of Nomen- 
clature. 


Section 2. The type method 

The five articles of this section provide that names of plants are based on 
nomenclatural types. The nomenclatural type of a species (or unit of lowei rank) 
of a vasculai plant is usually an herbarium specimen. Some material does not lend 
itself well to preservation of charactcis in dried form (such as succulents), in 
which case the herbarium sheet of parts that can be so preserved (as flowers) may 
be augmented by critical and diagnostic drawings and photographs. Some species, 
in the absence of herbarium material, may be typified by a description or a figure 
prepared by one not necessarily the original author. Great care is given to type 
specimens. They are the record for the future as well as the present. Should theie 
be disagreement between an author's diagnosis of a plant and the chaiacters of that 
plant as shown by the type specimen, those of the specimen are considered to be 
correct. So great is the value attached to type specimens that in many institutions 
they are preserved in special envelopes, folders, cases, or vaults. Many institutions 
have a policy not to loan types. 

This Rule provides that, whereas the type of a species or taxon of lower rank is 
an individual specimen, the type of a genus, subgenus, or section is a designated 
species, that of a family, subfamily, or tribe, is a genus and that of an order or 
suborder is a family. 

In a taxonomic work concerned with old and usually large genera (as 
in some Linnaean genera) it occasionally happens that the taxonomist 
divides the genus into two or more genera. The question arises as to which 
of these genera should retain the original name. Until recently there was 
an option of two courses that might be followed. One was the so-called 
“residue method,” whereby the generic name was applied to the taxon 
of the original genus remaining after the segregates separated from it 
had been named. The other alternative was the “type method,” whereby 
the generic name was applied to include the so-called “type species,” 
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that is, the species the original author had in mind when establishing 
the genus. In working with contemporarily established genera there is 
usually little question as to which is the type species of a generic name 
since it is usually indicated when the genus is established. However, the 
type species of long-established genera often is not known and the genus 
as conceived and established by many early botanists was a composite 
concept, based on not one but several species. To early botanists, the 
modern concept of a type species was unknown. In an effort to incor- 
porate the good points of both of these methods, and to eliminate their 
shortcomings, the “standard method'’ was devised (Sprague, 1926); it 
represents the modern type concept. This method proposes to fix perma- 
nently the application of generic names by the acceptance of “standard 
species,” but leaves the selection of the standard species for each genus 
to be decided on the merits of the individual case, that serious changes 
in nomenclature may be avoided. A list of standard species (species 
lectotypicae proposUae) was prepared for the Linnacan genera (Ap- 
pendix II of the Rules) and presented for adoption at the Amsterdam 
Congress, at which time a resolution recommending their adoption by 
botanists was passed (Sprague, 1936, p. 187). A new revision of an 
appendix comprising a “guide for the determination of types,” has been 
approved for inclusion in the fourth edition of the Rules. 

Any discussion of types and typification raises questions concerning 
definitions of terms applied to types. As a group, botanists have not 
been precise or consistent in their choice of terms, and a degree of con- 
fusion has resulted. Much has been written on the subject (cf. Frizzell, 
1933, for bibliography), but the more recent and most lucid paper on 
the subject is that by Blake ( 1943). 

4'he subject was acted on at the Stockholm Congress ( 1950) and the 
following kinds of types were officially designated: 

A halotxjyc Ihj one specimen or other element used by the author of the name, 
oi d«'vi<:!na!ed by him, as the nomenclatural type ( i.e , the clement to which the 
name the taxon is peimanenilv attached). 

\ la to^ype IS a specimen or other clement selected from the original material 
to SCI VC as the nomenclatural type, when the holotype was not designated at the 
time of Piiblieation, or when the holotype is missing. 

A lU’otyf)' is a specimen selected to serve as the nomenclatural type of a taxon 
in a s tu.iiicn when all mateiial on which the taxon was based is missing. 

A panuxpe is a specimen cited with the original desciiption, other than the 
ho’olype 

An isotype is a specimen believed to be a duplicate of the holotype. 

A svw/vpc is one of two or more specimens or elements used by an author when 
no ho’otvpe was designated, or in lieu of a holotype, or when one of two or more 
spec mens weie des. gnawed simultaneously as the type. 
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In addition to the above, it is accepted generally that a cotype is a 
second specimen from the same plant from which the holotype was 
collected. The term type, used alone and unqualified, generally refers to 
the holotype. A ujpotype is a specimen collected- at the same station as 
was the type (i.e., from the type locality). 1'here are other terms ending 
with the sullix -type, but for the most part they are concerned with eco- 
logical or gcnetical situations. For explanation of the nomenclatural 
designations to be given to the typical element of a species, or taxon in 
a lower category, see page 202. / 

SECTION 3. Limitation of the pnmiplc of pnotitw publication, starting points, 

conservation of names 

Four articles comprise this section, and they provide that names have no claim 
to recognition by botanists unless validly published (sec also Sect. b). 

Dates for starting points in the nomenclatuie of vaiioiis taxa as follows: 

1753. Algae, lichens, Hepaticae (with Linnaeus' Species plantariim, ed. 1 ). 
Vascular plants ( Pteridophyta and Phanciogamae) as of May 1st, with exceptions 
as provided by nomina verier ica conservanda and explained below. 

1801. Some Fungi, all Muscineae (mosses). 

1821-1832. Other Fungi. 

Nomina ftenenca conservanda' certain names, not the oldest, applied to some 
genera, are conserved over older names because these later names have been in 
common use for long periods. The rejected name is designated a nomen rejui- 
endum 

The Rule, as legislated at the Stockholm Congress, amplifies this article 
to apply to “the nomenclature of genera and categories of higher rank.” 
This authorizes the conservation of names in the categories of genus, 
family, and order. At the same time, the principle favoring the conserva- 
tion of species names was defeated by a ratio of 8 votes to 1 . 

An enumeration of conserved generic names was included in the un- 
official edition of the Rules (edited by Camp, et al., 1948). F^or the 
statistically minded, there are now 237 conserved generic names for 
nonvascular plants and 787 conserved generic names for vascular 
plants. 71icse figures will be increased by nearly a fifth, if proposals now 
awaiting disposal are given favorable action. 


Sfxtion 4. Nomenclature of the taxa according to their catef*ories 

SuBSK I. I. Names of taxa above rank of familw Names of orders are taken 
from that of one of their principal families, with the ending -ales. Suboiders arc 
designated in a similar manner, with the ending -ineae. Fpr names of taxa above 
the lank of family, the lule of priority is not compulsory. 

At the Stockholm Congress it was provided (as a new recommenda- 
tion ) that the endings of divisions should be -phyta, of subdivisions or 
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subphyla -phytina, and of classes and subclasses (of vascular plants) 
-opsida and -idae, respectively. 

SoBShrr. 2 Names of families and subfamilies, tribes, and subtribes. Names of 
families or subfamilies are taken from the name of an existing or former genus of 
the taxon, and end in -aieae and -oideae, respectively. 

The name Rosaceae is taken from its included generic name Rosay 
Caryophyllaceae from a pre-Linnaean (and now nonexistent) generic 
name Caryophyllus. The names of 8 families are excepted, but each will 
have an accepted alternative name (to be conserved, for use by anyone 
who elects the alternative name) ending in -aceae; either name may be 
used. These families, together with their suggested alternative names, 
are: Palmae (Arecaceae), Gramineae (Poaceae), Cruciferae (Brassica- 
ceaej, Leguminosae (Fabaceac), Guttiferae (Clusiaceae), Umbelliferae 
(Animiaceae), Labiatae (Lamiaceae), Compositae (Asteraceae). For 
further nomenclatural notes on family names, cf. Sprague, 1921. 

The names of tribes end in -eae and of subtribes in -inae. 

SuHsici. 3 Names of j^enera and subdivisions of f>encra. The name of a genus, 
a suhgenus, or a section may be taken from any source and may be composed in 
any arbitral y manner It is a substantive and is written with an initial capital. 

SuHsi.c'i, 4 Names of spei les {binaiv names) Names of species are binary 
combinations consisting of the name of the genus followed by a single specific 
epithet. If the epithet consists of two words, these must either be united or joined 
by a hyphen. Symbols forming part of specific epithets proposed by Linnaeus must 
be transcribed. 

SuBSiC'i. 5. Names of taxa below the rank of species {ternary names) Epithets 
of subspecies and varieties are formed like those of species and follow them in 
order, beginning with those of the highest rank. 

Two subdivisions of the same species, even if they are of different rank, cannot 
bear the same subdivisional epithet, unless they are based on the same type. 

SuBSECT. 6 . Names of livbrids and some special catef*ories. This comprises a 
group of articles that deal with names of hybrids, nothomorphs (pleomorphic 
hybrids), apomicts, and clones (Cf. also pp. 185, 202.) 

SuBSEcr 7. Names of plants of liortii uitural orij^in. Plants brought into culti- 
vation from the wild and which differ in no fundamental way from the parent 
stocks bear the same names as are applied to the same species and subdivisions of 
species in nature. 

Plants arising in cultivation through hybridization, mutation, or other processes 
which tend to establish recognizable differences from the parent stocks, receive 
epithets preferably in a common language (“fancy” epithets) markedly different 
from the I atin epithets of species or varieties. Detailed regulations for the nomen- 
clature of plants in cultivation will appear in a separate appendix to the Rules 
(ed. 4). 

Sfciion 5. Conditions and dates of effective publication. 

A group of 3 articles dealing with the publication of plant names, by which it 
is provided that: 

a. Publication is effected ... by distribution, by sale, by exchange ... of 
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printed matter: the deposit of manuscripts in libraries ... of microfilm or similar 
reproduction . . . does not constitute publication. 

b. Publication formerly could be effected by distribution of an exsiccata (dried 
specimen) accompanied by the original diagnosis of it. A new article, added to the 
Rules at Stockholm, legislates that as of January 1, 1952, onwards, this practice no 
longer constitutes effective publication. 

Slci fon 6. Conditions and dates of valid piddication of names 

A validly published name is one which has been ( 1 ) effectively published, and 
(2) accompanied by a description of the taxon or by a direct or indirect reference 
to a previously and effectively published description of it. In essence, while effec- 
tive piihlication of a name deals with the mechanics of its distribution, valid pnh‘ 
lication deals with both distribution of the name and with preparation of the 
textual matter prior to distribution. 

The 2 examples that follow are of eflfectively published names, and 
illustrate valid publication: 

a. Phalaris arundhuicea L., Sp. PL 55, 1753. As indicated by the cita- 
tion following the italicized name, the binomial was published by Lin- 
naeus in his Species plantanim, page 55, in 1753. The name was accom- 
panied by a diagnosis. Publication was effective and valid. 

b. Digitaria sanguinalis (L.) Scop., FI. Cam., ed. 2, 1:52, 1772. 

Panicum sanguinale L., Sp. PL, 57, 1753. 

The name Pigitaria sanguinalis was made by Scopoli and (as stated 
in the abbreviated citation) was effectively and validly published by him 
in his second edition of the Flora carniolica (on page 52 of volume 1, 
in 1772). Scopoli did not accompany his name with a critical diagnosis 
of the species, but he did make a reference to a previously and effectively 
published description of the plant as given by Linnaeus (under the 
generic name of Panicum) in the latter’s Species plantarum, page 57, 
1753. The listing of the name of the plant on which the new name is 
based (a basonym), together with the citation of the name, its author, 
and reference to the source of original publication, is sufficient to meet 
the requirements of the Rule. An adequate diagnosis must accompany 
a new name when no validly published synonym exists, and the name 
then is that of a taxon new to science. 

There are many technical aspects to this topic. Notable among them 
are articles that provide that: 

a. From January 1, 1935, names of new taxa of recent plants, the Bacteria 
excepted, are considered as validly published only when they are accompanied by 
a Latin diagnosis. 

Descriptions of new taxa published prior to January 1, 1935, are to 
be treated as valid even though published in any modern language, 
including Japanese, Russian, or other languages in which non-Roman 
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alphabets were employed. This Rule requires that all taxa (including 
the Algae), whether below the rank of species or of higher category, 
must have their diagnoses written in Latin if the date of publication is 
January 1, 1935, or later. 

b. A name of a taxon is not validly published when it is cited merely as a 
synonym. 

c. The name of a species or of a subdivis/on of a species is not validly published 
unless it is accompanied by ( 1 ) a description of the taxon; or (2) the citation of a 
previously and effectively published desciiption of the taxon under another name; 
or (3) a plate or figure with analyses showing essential characters; but this applies 
only to plates or figures published before January 1, 1908. 

Examples illustrative of the first two of these conditions were given 
above. The second condition may require further explanation. For 
example, a plant may have been described originally as a species of a 
different genus, and i^* it is being transferred subsequently to a new 
generic name, the transfer will result in its having a different binomial. 
In many instances the plant may have been treated originally as a variety 
of a species and given an adequate description in the category of 
varietas. Later, should the plant be raised from the category of varietas 
to that of species, it is given a binomial. The description accompanying 
the name when it was first established as a variety may have been such 
that it is not necessary to redescribe the plant, and reference to that 
earlier description is then sufficient to validate the publication of the 
binomial. 

d. The date ot a name or of an epithet is that of its valid publication. For pur- 
poses of priority, however, only legitimate names and epithets published in legiti- 
mate combinations are taken into consideration. 

Distinction is made between a “name” and an “epithet.” A name is the 
scientific appellation applied to a member of any taxon; as Finns is the 
scientific name of a particular genus, Finns nigra the name of a species 
of that genus, and Finns nigra var. caramanica the name of a variety of 
that species. An epithet is the ultimate designation of a member of a 
group; as nigra is a specific epithet, and caramanica is a varietal epithet. 

A legitimate name or epithet is one that is in strict accordance with 
the Rules. It is important to remember that unless a name has been 
published validly, it is an illegitimate name, and that illegitimate names 
are not to be given consideration in matters of priority. 

c. New names published on or after January 1, 1952, must be accompanied by a 
clear indication of the category to which the plant belongs; otherwise the name is 
to be treated as invalid. 
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Section 7. Citation of authors' names ami of literature for pioposes of precision 

For the indication of the name (unitary, binary, or ternary) of a group 'o be 
accurate and complete, and in order that the date may be readily veritied. it is nec- 
essary to cite the author who fust published the name in question. 

The lily family was named by Adanson. The scientific name of this 
family, together with the citation of its author's name, is: Liliaceae 
Adanson. 

The lily genus was named by Linnaeus and its scientific name together 
with its author citation is IJUum Linnaeus. The American Turk's-cap 
lily was named by Linnaeus Lilium superhum, and because he was the 
author of the binomial, his name follows the binary name (viz. Lilium 
superbum Linnaeus, and commonly written Lilium superbum L.). 

The name of the author is not a part of the name of the plant. To 
differentiate them, it is customary to indicate the scientific name of the 
plant in print by means of an italic type face. The author's name is pro- 
vided for purposes of precision and to identify a particular plant name 
with the description of that plant as published by that author. By 
means of author citations, it is recognizable at a glance that Bergenia 
Moench is a genus based on a different plant from that of Bergenia 
Necker. 

When a name has been proposed but not published by one author and is subse- 
quently validly published and ascribed to him by another author who supplied the 
description, the name of the latter author must be appended to the citation with 
the connecting word ex. 

For example, Robert Brown named a specimen Capparis lasiantha. He 
prepared no description to accompany his name, but recognized the 
specimen to represent a new species and penned the name on the herb- 
arium sheet. Later, dc Candolle, concurring with Brown, published the 
new species using Brown's name for it. De Condolle studied Brown’s 
specimen and from it prepared the diagnosis to accompany his publica- 
tion of the new name. The correct and complete name and author cita- 
tion is Capparis lasiantha R. Br. ex DC. 

When a genus or a taxon of lower rank is altered in rank but retains its name or 
epithet, the author who first used the name legitimately must be cited in paren- 
theses, followed by the name of the author who effected the alteration of rank. 

An example illustrates the application of this Rule. 

The German botanist Carl Willdenow named the American yellow 
ladyslipper Cypripedium puhescens, and its name and author citation is 
C. pubescens Willd. Recently Correll concluded that the plant was only 
a variety of a similar Eurasian species known by the name of Cypripe- 
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dium Calceolus L. The new name for the American plant then became 
Cypripedium Calceolus L. var. puhescens. This is an example of a plant 
(C. puhescens) reduced from the category of species to that of varietas 
(“altered in rank”). Because there existed no earlier name for the plant 
in the new category the plant retains its former binary epithet (i.e., Correll 
elected to retain the epithet puhescens for it). By the Rule, the name of 
the original author (Willdenow) must be cited in parentheses and the 
name of the author who made the change (Correll) must follow. Accord- 
ingly, the name of the plant with its complete author citation is Cypripe- 
dium Calceolus L. var. puhescens (Willd.) Correll. 

A recommendation of the Rules states that, 

Authors’ names put after names of plants are abbreviated unless they are very 
short. 

The abbreviations used for authors’ names are more or less established 
by usage, and efforts are made to insure that they are clear and under- 
standable. Most manuals and the larger floras provide an alphabetical 
list of abbreviations employed for authors' names. Sometimes the initial 
of the first name is used to avoid confusion (i.e., R. Br. for Robert Brown 
and Wm. Br. for William Brown ).‘‘ When father and son are both authors 
of names, the letter / may follow the name of the son (e.g., Hook. f. for 
Sir J. D. Hooker, son of the botanist William Hooker) and represents 
the Latin word fill us, son. 

Section 8. Retention of names or epithets of taxa which are remodelled or divided 

A group of three articles that provide in effect that 

1. The changing of diagnostic characters of a taxon does not warrant changing 
the name of that taxon. 

2. When a genus is divided into two or more genera, the generic name must be 
retained for that genus containing the type species of the original entity. 

3. When a species is divided into two or more species, the specific epithet must be 
retained for one of them, or (if it has not been retained) must be re-established 
When a particular specim:n was originally designated as the type, the specific 
epithet must be retained for the species including that specimen. When no type was 
designated, a type must be chosen according to the regulations given (Appendix I 
of the Rules). 

The same rule applies to subdivisions of species, for example, to a subspecies 
divided into two or more subspecies, or to a variety divided into two or more 
varieties. 

The sugar maple was first described by Humphrey Marshall, who 
named it Acer sacchariirn. Later Francois Michaux considered it com- 

" Other common and standard abbreviations include L. (Linnaeus), DC. (de 
Candolle), HBK. (Humboldt, Bonpland, and Kunth), BSP. (Britton, Sterns, and Poggen- 
berg), R&P (Ruiz Lopez and Pavon), T&G (Torrey and Gray), and W&K (Waldstein 
and Kitaibel). 
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posed of two taxa, each of which he treated as species. In agreement with 
the above Rule, Michaux retained the name Acer saccharum Marsh, for 
the taxon he believed Marshall to have so named, and named the species 
he separated from it Acer nigrum Michx. f. 

Si Cl ION 9. Retention of names or epithets of taxa below the rank of ftenns on 
transference to another ^enus or species 

a. When a species is transferred to another genus (or placed under another 
generic name for the same genus), without change of rank, the specific epithet 
must be retained or (if it has not been retained) must be re-established, unless one 
of the following obstacles exists: (1) that the resulting binary name is a later 
homonym, or a taiitonym; (2) that there is available an earlier validly published 
specific epithet 

When the specific epithet, on transference to another generic name, has been 
applied erroneously in its new position to a different species, the combination must 
be retained for the plant on which the epithet was originally based. 

The application of this Rule is best explained by a few illustrative 
examples. 

In 1753 Linnaeus described what is now known to have been a hem- 
lock, under the name Pinus canadensis, Carriere recognized that it was 
a hemlock and not a pine, and transferred the species to the genus Tsuga 
(the genus of hemlocks). This involved no change of rank, and the 
original epithet of canade\tsis was retained, resulting in the combina- 
tion Tsuga canadensis (L.) Carr. 

The French botanist du Roi placed the American larch in the genus 
Pinus and named and described it as Pinus laricina. Michaux correctly 
recognized it to be a larch and named it Larix americana. The use of the 
epithet americana is contrary to the above Rule, for Michaux did not 
retain the original specific epithet of laricina. Later Karl Koch corrected 
the situation by rejecting Michaux’s binomial and re-establishing du Roi’s 
earlier epithet, making the combination of Larix laricina (du Roi) Koch. 
Michaux’s binomial is an illegitimate name and that of Koch is the valid 
name of the American larch. 

Aside from the technicalities, exceptions, and recommendations that 
are a part of this Rule, its essential feature is that when a species is trans- 
‘";rred from one genus to another without any change in rank (i.e., when 
it remains a species in either case), the epithet given it for the first time 
in the category of species is the epithet that must be used for it at all 
times unless prevented by the so-called “homonym Rule” (p. 213), or 
the tautonym Rule (p. 215) : 

b. The name of a variety, or other subdivision of a species, must be given the 
same consideration as would the epithet of a species name. 
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A plant treated as a variety (or other infraspecific taxon) ordinarily 
must be given the oldest varietal name for it in that category, and when 
transferred without change of rank from one species or genus to another 
must retain that epithet unless there arc legitimate reasons for rejecting it. 

There is little cause for confusion or misunderstanding in the applica- 
tion of this Rule. However, it should be remembered that a provision of 
the American Code carried the matter of priority to a greater extreme 
and directed that when combined names were of the same date, the pri- 
ority of page within a given work, or priority of position of two names on 
a page, should be considered, and the name on the earlier page or appear- 
in.g first on a page had priority over the other name. Scientific papers 
written before acceptance of the Cambridge edition of the Rules may 
reflect the principle of priority as based on the American Code provision. 
Contentions in support of the American Code rule have no standing in 
contemporary nomenclatural practices and no one should be confused 
or misled by them. 

Sfxtion 10 . Choice of names when two taxa of the same rank are united 

a. When 2 or more taxa of the same rank are united the oldest legitimate epithet 
is retained. If the names or epithets are of the same date, the author who unites 
the taxa has the right of choosing one of them. The author who first adopts one of 
them, definitely treating another as a synonym or reternng it to a subordinate 
taxon, must be followed. 

Section I I . Choice of names when the rank of a taxon is changed 

a. When a tribe becomes a family, when a subgenus or section becomes a genus, 
when a subdivision of a species becomes a species, or when the reverse of these 
changes takes place, and in general when a taxon changes its rank, the earl est 
legitimate name or epithet given to the taxon in its new rank is valid, unless that 
name or the resulting combination is a later homonym. 

It was observed that when a name was transferred without change of 
rank the epithet remained unchanged in the new category, if it were the 
oldest available name. However, when on transfer a group changes its 
rank, the oldest epithet in the new category must be employed. 

For example, in southeastern Europe there are, among others, 3 thrifts 
that belong to the genus Armeria. For many years they were known as A . 
canescens (Host) Ebel (1827), A. majellensis Boiss. (1848), and A. 
majellensis var. hrachyphylla Boiss. (1879). In a recent taxonomic 
treatment of the genus the last two names were treated as a single variant 
of A. canescens. By application of this article, quoted above, when a 
species (in this case Armeria majellensis) becomes a variety, the oldest 
name in the new category must be employed. Because A. majellensis and 
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A. majellensis var. brachyphylla were treated as a single variant of 
A, canescenSy and hence were combined under a single ternary name, 
that ternary name must be the oldest available in the category, namely 
brachyphylla (1879). As a result, the 3 taxa were interpreted to com- 
prise a single species of two varieties, one to be represented by the typical 
element of the binomial A, canescem and the other by the ternary 
epithet, var. brachyphylla. The name A. majellensis became a synonym 
of A . canescens var. brachyphylla. 

The example cited above illustrates the application of the article when 
the change of rank is downward, that is, from the category of species to 
the lower category of variety. The same conditions apply when the change 
is upward, that is, if the variety is raised to a species or a species to a 
genus. In any of these cases, the first available epithet given the plant 
in the new category (rank) is its valid epithet. 

Section 12. Rejection of names 

a. A name or epithet must not be rejected, chan;:cd, or modified merely because 
it is badly chosen, or disagreeable, or because another is more preferable or better 
known. 

b. A name must be rejected if it is illegitimate . . . 

A name is illegitimate in the following cases: ( 1 ) if it was nomenclaturally 
superfluous when published;'^ (2) if published in contravention of specified earliei 
Articles, if its author did not adopt the earliest legitimate epithet available for the 
taxon with its particular circumscription, position, and rank; (3) if it is a later 
homonym; (4) if it is a rejectable generic name; (5) if it is a specific name pub- 
lished in a work where binary nomenclature for species was not consistently em- 
ployed, or if the name is a tautonym. 

c. A name of a taxon is illegitimate and must be rejected if it is a later homonym, 
that IS, if it duplicates a name previously and validly published for a taxon of the 
same rank based on a different type. Even if the earlier homonym is illegitimate, or 
is generally treated as a synonym on taxonomic grounds, the later homonym must 
be rejected. 

This Rule, sometimes known as the “homonym rule,” was incorporated 
n the Rules in its present form at the Cambridge Congress and repre- 
sents one of the features adopted from the American Code. Prior to 
1930, according to the Vienna Rules, if the earlier homonym was an 
illegitimate name, it was not given consideration. However, in accordance 
with the Rule quoted above, consideration must be given to both legiti- 
mate and illegitimate earlier homonyms. The two examples that follow 
illustrate the application of this Rule. 

Students are likely to overlook the significance of Sect. 1 of this article by failing to 
recognize a superfluous name. An excellent example of the application of this rule was 
provided and explained by M. L. Sprague (Kew Bull. 1933, pp. 152-154) wherein the 
name Silene Cucuhaliis was shown to be the valid name of a plant often and more com 
monly known by the illegitimate names S. infiata, S. vulgaris, and S. latifolia. 
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Tfie French botanists, Franchet and Savatier, described as new a 
species of Japanese maple in 1879 and named it Acer parvifloriim. 
However, unknown to them and nearly a century earlier, this same spe- 
cific epithet had been given to a wholly different species of maple by the 
German botanist Ehrhart. The later use of the binomial by Franchet and 
Savatier created a later homonym (i.e., the use of one name for two 
different species). It so happens that Ehrhart’s name is treated uni- 
versally as a synonym of Lamarck’s Acer spicatum and accordingly is an 
illegitimate name (since it was superfluous when published). By the 
"‘homonym rule,” even illegitimate names must be given consideration in 
such matters. For this reason, Rehder corrected the situation by giving 
Franchet and Savatier’s species the new name of Acer brevilobum. The 
synonym and citations for this are as follows: 

Acer brevilobum Rehder, Journ. Arnold Arb. 19: 85, 1938. 

Acer parviflorum Franch. & Sav., Enum. FI. Jap. 2: 321, 1879; non 
Ehrh., Beitr. Naturk. 4: 25, 1779. 

A somewhat more complex example is provided by a nomenclatural 
situation in the coniferous genus Thuja, In 1824 Lambert named and 
described a little-known species of the genus as T. plicata. Later (1847) 
Endlichcr gave the same binomial to a different but well-known 
species of Thuja. Nothing was done to correct the situation. In 1868 
Hoopcs reduced Lambert’s little-known plant to varietal status and 
named it Thuja occidentalis var. plicata (Lamb.) Hoopes. Apparently 
unaware of Hoopes’ combination. Masters in 1897 treated the Endlicher 
plant, then an important forest and horticultural subject, as T. occi- 
dentalis var. plicata (Endl.) Mast. Masters’ combination was a later 
homonym and as such it was an illegitimate name. Rehder corrected this 
in 1939 by renaming Endlicher’s plant Thuja occidentalis var. Mastersii. 

The directive of this article, that a name is illegitimate and must be 
rejected ‘'even if the earlier homonym is illegitimate,” has resulted in 
numerous name changes. 

d. A name of a taxon must be rejected if, owing to its use with different mean- 
ings, It becomes a permanent source of confusion or error. 

A number of names, mostly binomials, have been treated as nornina 
ambi^ua. One concerns the red oak of eastern United States, and the 
case will serve to illustrate application of the Rule. 

Linnaeus, in 1753, described an American oak as Quercus rubra. As 
indicated by the synonomy he gave for it, several oaks now recognized 
as representing other species were combined under his name. As now 
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interpreted, Q. rubra L. was based on at least two different species; one 
is the red oak of northeastern North America, and the other the so-called 
Spanish oak of southeastern United States. It was not known to which 
of these species his binomial should apply, and botanical practice of the 
past is of little help, for in 1771 du Roi applied the Linnaean name to 
the red oak, calling the southern Spanish oak Q. falcata Michx. In 1915 
Sargent (after a study of Linnaean material and references) endeavored 
to establish the name Q. rubra L. for the southern Spanish oak and (7. 
borealis Michx. f. for the northern red oak. Confusion resulted, some 
people following Sargent's interpretation and others retaining the older 
interpretation of du Roi. Because of the ambiguity associated with Lin- 
naeus’ name of Q. rubra, Rehder has proposed that it be treated as a 
nomen ambiguum and, following his treatment of the problem, most 
contemporary botanists now apply the name Q. falcata Michx. to the 
southern Spanish oak and Q. borealis Michx. f. to the northern red oak 
with name Q. rubra L. rejected completely from use for any plant. 

e A nnmc of a taxon must be rejected if the characters were derived from two or 
more entirely discordant elements, unless it is possible to select one of these ele- 
ments as a satisfactory type of the name. 

One example of application of this Rule is that associated with the 
genus Actinotinus, established by Oliver in 1888 on a specimen derived 
from the two genera Viburnum and Aesculus. Oliver’s type specimen was 
received from a native Chinese collector who had inserted the inflores- 
cence of a Viburnum into the terminal bud of an Aesculus. The name 
Actinotinus is a nomen confuswn and must be rejected. 

f. Generic names are illegitimate and must be rejected if they ( 1) are words not 
intended as names; (2) coincide with a morphological term; (3) are unitary desig- 
nations to species; or (4) consist of two separate and unhyphenated words. 

g. Specific epithets are illegitimate in the following special cases and must be 
rejected: (1) when they are merely words not intended as names; (2) when they 
are merely ordinal adjectives being used for enumeration; (3) when they exactly 
repeat the generic name with or without the addition of a transcribed symbol 
(tautonym): (4) when they were published in works in which the Linnaean system 
of binary nomenclature for species was not consistently employed. 

In (3) above, the term tautonym applies to any binomial where the 
binary name repeats the generic name. This practice was legitimate un- 
der the American Code where, for example, many authors subscribing 
to this code placed the white pine of northeastern United States (Pinus 
Strobus L.) in Strobus. The retention of the oldest binary epithet 
(Strobus) for the plant resulted in the combination, made by Dr. J. K. 
Small, of Strobus Strobus (L.) Small. This binomial is a tautonym and 
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as such must be rejected as an illegitimate name. (See Moldenke, 1932, 
for an extensive list of examples.) 

h. The original spelling of a name must be retained except in cases of typo- 
graphic or unintentional oithographic error. 

The Rules provide many examples to illustrate this article and its 
several recommendations. An example of a typographic error is Rosa 
Pisartii Carr., whose correction to Rosa Pisardii is allowed. 

An example of an orthographic error is illustrated by the specific 
epithet sinensis, an orthographic variant of chinensis, and both names 
may not be employed legitimately for two species in the same genus. 

The forming of specific epithets when taken from the name of a per- 
son is part of an Article (Art. 70, ed. 3); the important consideration 
being that “when the name ends in a consonant, the letters ii are added 
(thus Ramondii from Ramond), except when the name ends in -er when 
/ is added (thus Kerneri from Kerner).” Names ending in vowels are 
terminated in the genitive case by the single /. 

A new note to this article reads: 

The use of the terminations i or ac instead of ii or lav ... is treated as an 
unintentional oithographic erroi . . . Thus, the original spelling of the name 
Pituis Unf/nlii IS U) he corrected to read Pinus Griffitliii. 

A recommendation reads: 

All specific and trivial names or epithets should he written with a small initial 
letter, although writers desiring to use capital initial letters for particular names or 
epithets may do so when these are derived diiectly fiom the names of persons (or 
deities), oi are vernacular (or barbaric) names, or are previously published (in- 
cluding pre-Linnaean and invalid) unmodified generic names. 

This recommendation advocates the decapitalization of all specific 
and infraspecific epithets. At the same time it recognizes the prerogative 
of those who capitalize names when taken from the names of persons 
{Pinus Coulteri, in honor of William Coulter), when taken from another 
genus (Dianthns Caryopliyllns, the epithet Caryophyllus being a pre- 
Linnaean generic name ) or when a vernacular or barbaric name (Schinns 
Molk\ the epithet Mode being a Peruvian vernacular name). There is 
not complete accord among botanists regarding the capitalization of 
specific names. Papers have been published in favor of it (Bailey, 1946; 
Fernald, 1947, 1949) and against it (Blake, 1940; Beetle, 1944; Steere, 
1945; Polunin, 1950). The current editorial policy of the Kew Bulletin 
on decapitalizing species names and the announced decapitalization of 
them in Supplement XI of Index Kewensis point to the ultimate exit of 
capitalization. 
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Units of Classification 

The Rules of Nomenclature prescribe the categories into which plants 
should be classified. These categories constitute the units of classifica- 
tion. Their sequence and order of importance is fixed by the Rules. 
Changes from this sequence are not allowable. The units of classifica- 
tion are arranged below regressively, in descending order from units of 
greatest magnitude to units of least magnitude. Illustrative examples are 
indicated parenthetically. See pp. 44-56 of Chapter IV, for pertinent 
taxonomic considerations. 

Kingdom (Vegetable) 

Division (Thallophvta, Bryophyta, Pteridophyta, and Spernuitophyta, or as given 
by Hngler and Prantl, Pm bryophyta Si phono gama) 

Subdivision {G ymnospenuae and Anf>iospermae) 

Class {Monocotyledoiieae and Dicotyledoneae) 

Subclass ( A rchichUimydeac ) 

Order (Rosales, unless conserved, the names of orders terminate in 
-ales , ) 

Suborder (Rosineae, the recommended terminal designation for sub- 
orders is -ineae.) 

Family (Rosaceae; families have the ending of -aceae, with ex- 
ceptions as noted ) 

Subfamily (Rosoideae; the terminal ending for subfamilies is 
-oideae.) 

Tribe (Roseae: the termination for names of tribes is -eae.) 
Sublribe (Rosinae, the authorized termination for subtribes 
is -inae.) 

Genus (Rosa; generic names may be composed in any 
arbitrary manner.) 

Subgenus (Piirosa, names of subgenera are usually 
substantives resembling the names of genera A new 
Article of the Rules provides that the subgenus 
containing the type species of a generic name must 
bear that name unaltered if no earlier legitimate 
name is available.) 

Section (GalUcanae: sections and subsections are 
subdivisions into which subgcnera are sometimes 
divided. ) 

Species (Rosa f^allica. Article 27 (cd. 3) and its 
recommendations applies to the names of spe- 
cies. ) 

Categories below the rank of species, in de- 
scending order of importance are: 

Subspecies (ssp.) 

Varietas (var.) 

Subvarietas (subvar.) 

Forma (f. ) 

Clone (cl.) 
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The progress of the development of rules of nomenclature is repre- 
sented, with one exception, by a direct lineal growth based on trial, error, 
and correction; it was the development from the Paris to the Stockholm 
Codes. The exception was the revolt from the orthodox by the group of 
American botanists who conceived the American Code of nomenclature. 

To comprehend this leftist movement fully, one should recognize first 
that the membership of the rightist element was entrenched and steeped 
to a high degree with the botanical traditions of revered preceptors, of 
bptanically endowed heritage, and of near-sentimental conservatisms; 



Fig. 23. Nathaniel Lord Britton, 1859-1934. 
Sketch by M. E. Ruff, from photographs, cour- 
tesy the New York Botanical Garden. 


all laudable sentiments but characteristics that sometimes obscured the 
objectivity that makes for science. The leftist American faction was 
headed by N. L. Britton, a scientist trained originally as a geologist, not 
imbued with idolatry of botanical masters nor steeped in botanical lore 
and heritage. He entered the field of taxonomic botany unencumbered 
by sentimental prejudice or bias. Britton’s ideas of absolute priority were 
logical, if neither sound nor practical. He refused to accept the more 
widespread view that nomenclature has a practical function; that of giv- 
ing a concise reference to a particular concept (i.e., a name to a taxon). 
Priority is only a means to an end and, as others have pointed out, “the 
happy idea of nomina generica conservanda was the saving of a situation.” 
Britton’s ideas of the type concept, embodied from the first in his nomen- 
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clatural proposals, provided the beginnings of an objective basis for 
future taxonomic work. However, his views on typification also were 
lacking in practicalities and it remained for A. S. Hitchcock, his col- 
league in these matters, later to remedy the defects by setting forth the 
basis of a natural typification in place of Britton’s mechanical procedure. 
Hitchcock’s views were taken up by Sprague, through whom the Euro- 
pean botanists were led to accept them. The values of Britton’s leftist 
movement ultimately were recognized and with the close of the Cam- 
bridge Congress there came to all taxonomists the realization of an inter- 
national unity. 

Today there is unity, but not harmony, as concerns nomcnclatural 
legislation, trends, and practices among plant taxonomists (cf. Core, 
1945; Corner, 1939; Martin, 1945; Little, 1948; Smith, 1949; Camp, 
1950; and Gilmour, 1950). Those lacking scientific perspective, and 
concerned by temporarily discomforting changes in plant names, would 
freeze the nomenclature of plants as it now stands and allow no further 
name changes; others, in the “interest of stability,” would advocate 
nominci specifica conservanda\ and some botanists would divorce the 
subject of nomenclature of horticultural subjects from that of indigenous 
plants, ignoring the fact that the two groups of plants are inseparable, 
since most species of cultivated plants have counterparts in the wild, or 
that additional plants constantly are being introduced into cultivation. As 
noted earlier, the matter of capitalization of binary and ternary names 
is not treated with accord. The trend toward decapitalization is gaining 
momentum. There is no uniformity in practice in the delimitation and 
chi 'ice of subspecific categories, and while not a part per se of plant 
nomenclature, the vacillations and fluctuations in concept of these cate- 
gories as encountered in the literature do affect the stability of plant 
names. It has been urged that application of the rules be tempered by 
Judgment (Gleason, 1947). The entire question of the influence of the 
experimental method in taxonomy on the nomenclature of the future 
is replete with dynamic potentials, and is responsible in part for the intro- 
duction into the Rules of the categories nothomorph, apomict, and clone. 
‘ he influence of increasing cytological and genetical findings surely will 
be reflected to a greater extent in future nomcnclatural regulations and 
practices. 

From all of this it must be concluded that continuous progress has 
been made in the development of effective nomcnclatural legislation. 
This progress has not yet reached its zenith. It is doubtful if it ever will. 
The Rules of Nomenclature epitomize one facet of botanical science, 
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and as nature is not static, neither can the nomenclature of its com- 
ponents be so and continue to remain on a level of scientific objectivity. 
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CHAPTER X 


PLANT IDENTIFICATION 


The identification of an unknown plant, as explained early in the text, 
is its determination as being identical with or similar to another and 
already known plant. However, it is customary in taxonomic practice to 
combine the identification of a plant with the determination of the correct 
name to be applied to that plant. The distinction between identification 
and nomenclature was explained in the Introduction. Plant identification 
is nccomplished generally by means of one or more of several different 
methods or combinations of methods. No one method can be said to be 
better than another, and selection depends on the individual situation. 

Taxonomic literature 

The literature devoted to the systematics of the world’s plants is written 
in all modern languages, and has been accum.ulating for two centuries or 
more. An adequate knowledge of it is possessed by only a relatively few 
bibliophilic specialists, most of whom are botanical librarians. The sub- 
,ect is of such great importance to systematic botany that Chapter XIV 
of this text is devoted to it. The following discussion deals primarily with 
the utilization of taxonomic literature and the material in herbaria. 

When the unknown plant is of a known locality, the usual procedure 
is to refer to a book or treatment accounting for the plants of that region. 
This is usually a flora or manual, and, if the latter, contains both analyti- 
cal keys and descriptions. When the literature of a particular area or 
region is not known, reference should be made to Blake and Atwood’s 
Guide to the floras of the world} 

With the appropriate manual and the unknown plant at hand the next 
step is to make use of the manual. Generally speaking, the first use of 
the manual is for determination of the family to which the unknown 
belongs, a step that is accomplished by use of the artificial analytical key 

M^art I of this work (1942) accounts for the floias of the New WoiJd, Africa, 
Australia, and islands of the Pacific and Indian Oceans. If the unknown plant is from 
outside these limits, see entries under Floras in Chapter XIV. 
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to families (sec pp. 225-228 for discussion of keys, synopses, and their 
uses). Knowing the name of the family, one turns to the section where 
it is treated and there, by means of the key to genera, repeats the proce- 
dure to determine its generic name. After this, and by use of the key to 
species, the specific identity of the unknown is learned. This results in 
knowing not only the identity of the plant, but also in learning the 
binomial credited to it by the author of the manual. For many reasons 
the identity and name of a plant obtained solely by use of a manual may 
be incorrect, incomplete, or both. When identifying any unknown by aid 
of keys in a manual, always check the description of each group arrned 
at by means of the key (family, genus, and species) to insure that there 
is a reasonable agreement between the characters observed in the un- 
known plant and those provided in the description of the plant it is pre- 
sumed to be. When a marked variance exists between these two (plant 
and description), a misidcntification probably exists. 

A second method of identifying an unknown is the utilization of the 
latest floras and check lists of the particular region. Most floras of a 
state, county, or smaller political unit lack keys and descriptions. How- 
ever, they comprise an index to the plants known for the locality and 
generally provide other pertinent habitat, distributional, and frequency 
data. An accounting of these items eliminates all plants that do not occur 
in the area and reduces to a working minimum the number of possibilities 
that may account for the identity of the unknown. By process of elimina- 
tion, an unknown of established generic identity usually can be aligned 
with one of a few species, and identification completed by comparison of 
its characters with those in the descriptions in any standard work account- 
ing for plants of the area. 

The third method, and one of the most reliable if the material repre- 
sented by the unknown is reasonably complete, is identification by means 
of the latest monographic or revisionary work accounting for the particu- 
lar family, genus, or section, represented by the unknown. Identification 
by this method presupposes knowledge of the family and usually the 
generic name of the unknown. If the generic name is known the next 
problem is to learn if a monographic treatment is available. There are 
indexes to this subject,- but none is of recent publication as concerns 
monographic works restricted to American or New World plants. It is 
in part to compensate for this deficiency that bibliographies are provided 
at the close of the treatment of each family in Part II of this text. 

Sec Chapter XIV, for entries under Bibliographies, catalogues, and review serials, 
espec ally those by Jackson, Merrill and Walker, Frit/cl. and Rehder (1949) 
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Keys are devices useful in identifying an unknown. They represent one 
type of taxonomic literature. A key is an artificial analytical device or 
arrangement whereby a choice is provided between two contradictory 
propositions resulting in the acceptance of one and the rejection of the 
other. A key may be short and limited to a single pair of contradictory 
propositions (a couplet), or it may be composed of an extensive 
series of these. A synopsis is a device, usually in the format of a key, pre- 
senting graphically the technical characters which in general or in the 
aggregate differentiate taxa. It is not designed ordinarily for use in identi- 
fication. For examples, see those on p. 372 and pp. 439-442. 


I. Tendrils simple, not forked or branched. 

2. Pistillate flowers each with 2 small staminodes Hnonopsis 

2. Pistillate flowers without staminodes. 

3. Staminate flowers subtended by a shield-shaped bract. .. .Morniordica 

3. Staminate flowers not subtended by a bract Ciicumis 

J. Tendrils forked or branched. 

4. Leaves lobed for more than halfway to midrib. 

5. Plant monoec ious; flowers bright yellow Citrullus 

5, Plant dioecious; flowers greenish Ahohra 

4. Leaves entire or lobed to much less than halfway to midrib. 


6. Staminate flowers with elongated hypanthium; flowers white. .Lapenaria 
6. Staminate flowers with hypanthium short or none; flowers yellow 

Bemneasu 

Fig. 24. Example of a yoked or indented key. 


The currently conventional and most acceptable type of key is the 
dk hutonums key, a type usually of one of two formats. In any key, each 
statement of a couplet is termed a lead. In most taxonomic literature 
originating in this country the collateral leads of a given couplet arc 
arranged in yokes, and each lead is identified by a letter or figure. F.ach 
successive subordinate yoke is indented under the one preceding it. An 
example of a dichotomous key with yoked or indented leads is given in 
Fig. 24. The second arrangement of a dichotomous key has bracketed 
or parallel leads. The 2 leads of each couplet always arc together. Using 
the same context as in Fig. 24, such a key would be organized as shown 
in Fig. 25. 

There are advantages and disadvantages to each of these types of 
dichotomous keys. The yoked type has the advantage of grouping similar 
elements in such a manner that they can be grasped visually as groups. 
However, it is apparent from the above example that in extended keys of 
this type there is a sloping and shortening of lines to the right with a 
resultant loss of economy of page space. In the parallel or bracketed 
type, the advantages of the indented format are lost and conversely the 
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disadvantages are offset, because there is no opportunity in the bracketed 
type to group blocks of leads visually with elements having one or more 
characters in common. In this type of format, however, all leads are of 
approximately the same line length and produce a maximum of efficiency 
of page space. Some authors, employing this second format, do not indent 
alternate couplets, but instead bring all out to a common margin at the 
left of the page. 


1 rendr'ls smiplo, not forked or branched 2 

1 Tcndf-jls forked or branched. . . .' 4 

2 P’j'tdlate flowers each with 3 small staminocha Brxonopsis 

2 Pistillate flowers without staminodia 3 

3, Staminate flowers subtended by a shield-shaped brag! Mornwelua 

3. Staminate flowers not subtended by a bract Cue urn is 

4. Leaves lobed for more than halfway to midrib 5 

4. Leaves entiie or lobed much less than halfway to midrib 6 

^ Plant monoecious; flowcis bright yellow .Citrullus 

5 Plant dioecious; flowers gieenish. . . ..Ahn^'ia 

6. Staminate flowers with elongated hypanthium; flowers white . . .La^cnarui 


6 Staminate flowers with hypanthium shoit oi none; flowers y cWov^ .Heiiinccisa 

r" 

FIr. 25. Example ot a biackeled key 


There are differences of opinion and practice regarding the designators 
of couplet leads. In the examples above the leads are numbered. Until 
recently, the more prevalent practice has been to use lettered leads, which, 
had they been substituted above for the numbers would have been as in 
Fig. 26. 

A. la. 


B. 

2a 

BB. 

2b. 

C. 

3a 

CC. 

3b. 


lb. 

B. 

4a 

C. 

5a. 

CC. 

5h. 

BB. 

4b 

C. 

6a. 

CC. 

6b. 


Fig. 26. Ex.imples of the use of letters and numerals in leads of keys. 

Convention, more than any other factor, seems to be responsible for the 
continued use of lettered leads. They have few advantages over numbered 
leads and have the following disadvantages: 

1. In extended and lengthy keys there are not enough letters in the 
alphabet to accommodate the necessary couplets, with the result that 
authors resort to other alternatives, as continuing with letters of the lower 
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case (a, aa; b, bb; etc.) or with Greek letters or lower-case Roman 
numerals. 

2. The presence of often many couplets, each designated by the same 
character or letter, is a source of confusion, especially when referring 
back to a lead (some keys have a dozen or more couplets in a single 
key, each designated by the same pair of letters). 

3. Use of lettered couplets makes it very difficult to refer quickly and 
precisely to a particular lead in a key. This is of special pertinence when 
referring to couplets or leads in writing, and more so when using keys with 
lettered leads in classroom exercises. 

In the numbered key, each couplet is numbered consecutively and no 
two couplets of a given key receive the same number. This provides a 
direct reference to each couplet. Some authors distinguish the first lead of 
a numbered couplet from the second by adding the letters a and b, respec- 
tively, to each lead of the couplet number (Fig. 26). 

In the construction of the indented or yoked key, it usually happens 
that one section contains a smaller number of taxa than the other (note 
that only 3 genera appear in the first division of the key in Fig. 24. 
whereas 4 appear in the second). It is generally desirable to have the 
smaller division within a key precede the larger. This facilitates finding 
the collateral or second lead of the divided couplet and keeps the two in 
closer proximity to one another. There are objections to this feature, 
considered by some to more than offset the mechanical advantage, for in 
such an artificial arrangement it is not possible to have the elements of 
the key appear in any sort of phylogenetic sequence. If the key is to serve 
merely as an aid to identification, this disadvantage is of no significance, 
but if it is to precede a systematic and phylogenetic accounting of a 
group of elements it will result in their appearing in a different sequence 
from that by which they will be arranged in the text that follows. The 
awkwardness is partially countered by numbering the elements in the key 
in the sequence by which they will appear in the text. 

Some rules to be considered in construction of any key are: 

1. Insure that the key is always strictly dichotomous. 

2. .Select characters that are in opposition to one another so that the two leads of 
each couplet comprise two contradictory propositions, one of which will fit the 
situation and the other not apply. 

3. In so far as possible phrase leads to read as positive statements, especially the 
initial lead of the couplet. 

4. The initial word of each lead of the couplet should be identical. That is, if the 
first lead of a couplet starts with the word “flowers,” the second lead of the 
same couplet should begin “flowers.” This facilitates orientation of leads of any 
one couplet. 
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5. Tv'O consecutive couplets should not each begin with the same word. This 
potential source of confusion may be by-passed if the repeated initial word of 
the second couplet is preceded by the article “the.” 

6. Avoid use of overlapping limits in variation, or generalities in opposing leads 
of the couplet. For example, it is bad form to phrase leads as in the following: 

1. Inflorescence a raceme; pedicels 4-6 cm long. 

1. Inflorescence a raceme or panicle: pedicels 6-10 cm long, 
or 

I. Flowers on long peduncles; leaves very broad. 

1. Flowers on short peduncles; leaves narrower. 

In the first example the characters overlap and the leads do not represent abso- 
liilely contradictory statements. In the second example, the characters are given 
is generalities and lack definiteness: who can say how much is long or short, or 
IS broad, or narrower than broad? 

7. Use macroscopic morphological characters in so far as possible in separation of 
groups (family, genus, species, etc.). That is, avoid separation on the basis of 
disjunctive geographic distributions, because one may not always know the 
source of an unknown; cytological data of themselves are little help in identify- 
ing a plant, chromosome numbers biologically may be significant but cannot be 
determined from a herbarium specimen, and are no help in a key. 

8. In keys to dioecious plants, it is helpful to provide two separate keys, one utiliz- 
ing characters for the staminate plant and the other for characters of the pistillate 
plant. The sample key provided in Fig. 24 illustrates the difficulties encountered 
when this rule is violated, for often when identifying dioecious plants one has 
material of one sex or the other, but rarely has material of both sexes at hand 
at one time. 

Ilerliaria 

A herbarium is a collection of plant specimens that usually have been 
dried and pressed, arc arranged in the sequence of an accepted classifica- 
tion, and are available for reference or other scientific study. Some kinds 
of plants do not lend themselves readily to drying techniques without 
significant loss of diagnostic features (as in the fleshy members of the 
Aizoaceac and some Cactaceae) and may be preserved in liquid instead 
of pressed and dried; others have parts so bulky as not to be suited for 
pressing fiat, and arc dried without pressing and arc stored in special 
boxes (as palm inflorescences, cones and branches of many gymnosperms, 
and many dry fruits)." 

For the last hundred years it has been the usual practice to mount each 
specimen, together with a label bearing pertinent data, on a sheet of 
high-quality paper. These sheets arc stored in specially designed cases 
known as herbarium cases. Before the era of mounting each collection 
on individual sheets, botanists pasted or sewed them in bound volumes 
of plain pages. The herbaria of the herbalists, and of almost all botanists 
as late as 1 820 or later, were preserved in this manner. Figure 27 shows 

■‘See Chapter XIII for preparation and pre.servation of herbarium specimens. 




230 


PRINCIPLES AND PRACTICES OF PLANT TAXONOMY 


one volume of this earlier era, as contrasted with Fig. 28, which shows 
an open case of a modern herbarium. 

The modern herbarium is far removed in basic concept from the collec- 
tions of scraps that were called herbaria two centuries ago. It is by no 
means a collection of “hay,” as some scientists may disparagingly allude 
to it, and in the words of A. C. Smith ( 1948, o. 584), 



Fig. 28. Open steel case of modern herbarium. 
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The unattainable goal of systematic botanists is to record the distribution* of all 
plants and to classify them in a system which will, in some manner, depict their 
phylogenetic history. The primary purpose of our great herbaria is thus to present 
a picture, by means of representative specimens, of the composition of the modem 
plant world. These herbaria must be the chief basis for futuie monographic and 
phytogcographical studies. But they also serve many others beside the taxonomist; 
the economic botanist, the ethnobotanist, the morphologist, the geneticist, and stu- 
dents of many other disciplines seek much of their basic data in the collections and 
publications of systematic botanists 

There are many herbaria located throughout the world that individually 
and collectively arc of inestimable value to botanical workers and to all 
who depend on their services. The list below cites some of these herbaria 
in sequence of descending size, as based on the number of specimens 
in each.^ 

Royal Botanical Guldens, Kew 
British Museum (Natural History) 

Museum Natural History, Pans 

V L. Komarov Botanical Institute of the Academy of 
Sciences of U.S.S.R. 

C'onsei vatoife et Jardin Botaniques de Geneve 
Royal Botanic Garden, Edinburgh 
National Herbarium, Melbourne, Australia 
United States Herbaria: 


U. S. National Herbarium, Washington, D. C. 2,25().()()0 

New York Botanical Garden 2,241,685 

Missouri Botanical Garden 1,5()0,()()() 

Gray Herbarium, Cambridge, Mass. 1,325,000 

Chicago Natural History Museum (Field Museum) 1,246,000 

Academy of Natural Sciences of Philadelphia I,()()(),00() 

Farlow Herbarium, Cambridge, Mass. 982,171 

University of California 864,928 

Arnold Arboretum, Jamaica Plain, Mass.‘^ 630,()()0 

Bureau of Plant Industry, Beltsville, Md. 430,000 


‘ O'le ot the 3 largest herbaria of the world (containing about 4,()()(),()()() specimens) 
was that located in Beilin. It was almost completely destroyed by allied bombs and (he 
in the w ntei of 1943. By this loss science has been irretiievably depnved of vast collec- 
tions of plants from many parts of the woild, and of the type specimens of perhaps a 
few thousands of species. One historically and nomenclaluially famous collection, that 
of Willdcnow, was saved fiom destruction, leporlcd to have been removed to “regions 
to the east” (cf., Babcock, 1948), and since has been returned to Berlin. 

^ Much of the information, and all statistical data pertinent to herbaua of the United 
States have been taken from Jones and Meadows (1948). Other statistical data have 
been based on the paper by Gager (1938). 

The accounting by Jones and Meadows lists the several herbaria of Harvard Uni- 
versity separately, since they are maintained in all respects as separate functions of the 
University. However, it should be noted that if the figures of these herbaria (Gray 
Herbal jum, general spermatophytes, Farlow Herbarium, cryptogamic collections, Arnold 
Arboretum, ligneous spermatophytes; New England Botanical Club herbarium (geneial) 
and containing 197,708 specimens; and the Oakes Ames Orchid Herbarium, orchidaceous 
collections numbering 65,000 specimens) are combined, they total nearly 3,200,000 
specimens, or more than in the herbaria of any single American institution. 


5,()l)(),()l)0 

4,()00,()()() 

3,5()l),()()() 

3. 000, ()()()(?) 

3.000. 000 
1,5()().()()() 

1 ,500,000 
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In addition to the herbaria listed above, there are many other collec- 
tions throughout the world that individually number a million specimens 
or more. Among them are the herbaria at Uppsala, Zurich, Brussels, 
Florence, and Vienna. Important herbaria located elsewhere include 
those situated at Cape Town, Pretoria, Leyden, Buenos Aires and Tucu- 
man (Argentina), Buitenzorg (Straits Settlements), Calcutta, Canton, 
Brisbane, and Wellington. 

There are about 170 organized herbaria in the United States, of which 
74 contain 50,000 specimens or more each. The oldest domestic herbaria 
of particular note include (with dates of founding) those at the Academy 
of Natural Sciences, Philadelphia (1812), University of Michigan 
(1838), California Academy of Sciences ( 1853 ), University of Missouri 
(1856), Missouri Botanical Garden (1857), Gray Herbarium (1864) 
and U. S. National Herbarium (1868). 

Students and scholars engaged in revisionary or floristic studies that 
involve unusually careful study on the identification of plants always 
have occasion to study the nomenclatural type specimens of some or 
many of the taxa concerned. From Index Kewensis, or other source, 
the name of the original dcscriber of the plant is known. From the origi- 
nal description the identity of the collector of the type specimen may 
usually be ascertained. The next problem is to learn where the collections 
of that collector (or, in the case of long-established binomials, of the 
botanist who described it as new) are located. In some cases they may not 
all be at one institution and then the quest is to find the specimen, if 
extant, among the several collections. There are guides to the locations 
of collections of the more important taxonomists, and these should be 
consulted before making extensive individual searches.^ 
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FIEI.U AND HERBARIUM TECHNIQUES 


(]oll(*eting procedures 

There arc at least 3 ways of handling fresh plant material for processing 
into herbarium specimens. When time and carrying facilities permit, the 
most satisfactory method is to press each plant as it is collected. This is 
done in a field press made up of a pair of collecting frames, a few blotters, 
and folded sheets of newsprint. A second method is to accumulate the 
material in a metal collecting can or vasculnm (pL, vascula.) These 
are available from biological supply houses, but professional botanists 
generally prefer sizes larger than those available from commercial houses, 
and have cans made to specification by local metalsmiths (Fig. 29-b). In 
actual use, the vasculum is first lined with a few thicknesses of well- 
moistened newsprint to retard wilting of specimens, and experience has 
shown that plants keep better in a full vasculum than in one that is only 
partly filled.’ Plants should be pressed as soon as opportunity permits, 
but if the full vasculum is stored in a cool place most kinds may be held 
over night without a serious loss of quality. The third method, used more 
in the tropical rain forests than in temperate regions, is to carry collected 
specimens in a rucksack. They are then pressed as soon as possible after 
return to camp headquarters. 

Certain items of equipment arc indispensable to plant collecting, par- 
ticularly a collecting pick, a strong knife or a machete, and a pair of 
pruning shears. The collecting pick is essential for digging up rhizomes, 
deep-seated bulbs or corms, and the roots of most herbaceous plants. 
Picks are available generally from biological supply houses, but an 
excellent and less expensive substitute is a bricklayer’s hammer available 
from any hardware store or mail-order house. The use of a belt-supported 
sheath to carry the pick is a helpful accessory (Fig. 29-c). The pruning 

* Most experienced field botanists who use vascula find that the vasculum should be 
painted white to reflect the sun’s rays and also as an aid in quickly locating it when 
cached or lying among vegetation. 
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Fig, 29. Collecting, pressing, and drying equipment: a, field press of corrugates and 
blotters, on collapsible aluminum drying rack, with protective canvas around back and 
sides; b, vasculum; c, pick and sheath; d, pruning shears; c, machete and sheath; f, col- 
lapsible drying frame with incandescent bulbs, aluminum corrugates at right. 

shears are especially useful in cutting woody material to pressing size. 
In addition to these items, it will be found that a garden rake or potato 
digger is of use when collecting submerged aquatics from a boat. 

Preparation of specimens 

Plant presses are of several types, the selection of which depends on the 
use to be made of them and on the drying techniques to be used. The 
efficiency of the press is determined largely by its ability to hold the 
material under a constant and firm pressure, to dry the specimen to a 
degree short of crispness, and to retain the colors of all parts in so far as 
possible. Conventionally, most presses comprise a pair of wood or metal 
frames, blotters, pressing paper, and straps or strong cord.“ The specimen 
to be pressed is arranged within the folded sheet of pressing paper that 
has been placed on a blotter, and another placed over it. If the plants are 

^ See Pool, R. J., Flowers and flowering plants, ed. 2. pp. 360-361, 1941, for details of 
making a plant press from plywood boards. 


236 


PRINCIPLES AND PRACTICES OF PLANT TAXONOMY 


to be dried with the aid of artificial heat, a sheet of corrugated material is 
used between each pressing paper and its specimen (under some condi- 
tions described below, the blotters may then be omitted), otherwise no 
corrugates are used and the press is built up by an alternation of blotter- 
pressing paper-blotter, etc. The press frames are on the top and bottom 
of the press, and it is then “locked up” by means of straps or stout cord. 
Ordinarily the straps are drawn as tightly as possible in order to flatten 
all parts and to bring as much of each specimen as possible in contact 
with the moisture-removing blotter. Straps used on plant presses may be 
of leather or of webbing (trunk straps). If heat is to be used in the drying 
process, the trunk straps are to be preferred, since leather dries out and 
is then short-lived. Some botanists prefer a sash cord to straps, for the 
cords arc of less bulk and they interfere less with the movement of air 
through the press when the material is to be dried by means of artificial 
heat. Pressing frames arc usually constructed of slats of oak, ash, or 
hickory (about in. wide and 14 in. thick) riveted together (copper or 
aluminum rivets preferred) and are generally 12 by 18 inches. 

Blotters designed for the purpose, and of the standard size of 1 2 by 
18 in., aic available from biological supply houses in a wide range of 
weights and qualities. Botanists differ in their preferences for blotting 
materials, and the most costly types are not of necessity the most efficient. 
Other things being equal, one should select the quality that will absorb a 
given volume of water in the shortest period of time. This quality of 
blotter will not only absorb moisture from the plant quicker than other 
types, but also it can be dried more quickly for repeated use. Thickness 
of the blotting material is largely a matter of individual choice, although 
the stiffer heavy feltlikc grades arc the least efficient. 

Corrugates, often referred to as ventilators, are used in presses when 
plants arc dried by means of artificial heat. A corrugate is a sheet of 
pasteboard or thin metal, with fluted ducts. As used in plant presses, they 
are 12 by 18 in., and are cut with the ducts extending across the sheet 
(not lengthwise). The function is to provide air passages through the 
press for movement of dry heated air. This air comes in contact with the 
moist surfaces of blotters or paper and hastens drying of the specimen. 
The use of corrugates was advocated as early as 1910 by Collins, who 
favored the single-faced type in which one surface of the sheet was cov- 
ered and the other had exposed ridges and grooves. Later, Ricker (1913) 
pointed out advantages of a double-faced corrugate, which had both 
surfaces covered. As early as 1926 it was shown by Stevens that corru- 
gates made of aluminum had certain advantages not available in those 
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made of pasteboard, but they never became popular, due to unavailabllit> 
through commercial sources, until recently (cf. Camp, 1946). These 
aluminum corrugates are not faced and may be nested for storage. 

Single-faced pasteboard corrugates are particularly efficient when 
used in connection with one or two blotters (in the sequence of blotter- 
corrugate-specimen-blotter-etc., or blotter-corrugate-blotter-specimcn- 
blotter-corrugate, etc. ) but have the disadvantage of remaining efficient 
for only a relatively short time. It has been estimated (Camp, p. 240) 
that this type of corrugate is ready for discard after having been used for 
an average of 10 times. The effective life of any corrugate is determined 
by the freedom of the ducts or grooves from closure (as caused by 
denting or crushing from the specimen, or by blunting of the edges from 
mechanical damage in handling). Air cannot flow through a closed duct, 
and as the number of closed ducts increases, the efficiency of the sheet is 
reduced. The portions of the specimen lying against closed ducts become 
cooked and are of inferior quality. Double-faced corrugates are used with 
or without blotters in plant presses, depending on the character of the 
material. I'hey have a much longer effective life, but arc less pliant and 
do not produce as uniform a pressure over all parts of the specimen. This 
latter disadvantage is offset to a degree by the use of blotters or of 
padding material as described on p. 240. The use of aluminum corrugates 
has met with mixed reactions, and it is becoming clear that while they 
are of value for use in certain situations, they are not likely to replace 
pasteboard corrugates. Some of their advantages and disadvantages are 
as follows: 


Advantdfics 

Nest easily, facililalmg packing and re- 
ducing bulk. 

Not affected by wetting and not readily 
dented as are pasteboards 

Permit possibly more rapid drying. 

Permanent, or of greater effective life 
than pasteboard. 


Dis(i(lvdnta}*c.s 
Heavier than pasteboard. 
vSharp edges cut hands 
DifEicult to handle m large presses be- 
cause of slipping. 

Eight to ten times as costly as paste- 
board. 

Subject to denting by woody stems. 
Rigidity of grooves may mark speci- 
mens of many kinds of plants. 


Presses with aluminum corrugates cannot have their straps drawn as 
tightly as can those with pasteboard corrugates, and the former require 
more frequent taking up of slack as the drying of the plants progresses. 
The advantage of the metal ones over those of pasteboard seems to lie in 
their being unaffected by water and hence of value for collecting on 
expeditions where the hazard of soaking of packs or presses is omnipres- 
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ent, or where high humidity or frequent rains appreciably shorten the 
life of pasteboard corrugates. 

Papers used for pressing plants arc usually salvaged from old news- 
papers. One recommended procedure is to tear a standard newspaper 
sheet in half, fold it in half, and cut or tear off one end so that the length 
of the sheet never exceeds 16 inches (the amount to be torn off is gauged 
readily by the practiced eye).*^ Some botanists prefer to use unprinted 
newsprint (cut to 22 by 16 in. and folded once), since it offers a blank 
surface on which to record collection data. Others believe (perhaps with- 
out evidence) that the printed newsprint may serve during periods of 
temporary storage as a repellent to insects. Paper heavier than commer- 
cial newsprint is unsatisfactory since it is less pliant and retards the drying 
process. 

Pressinf^ plant materials requires careful attention to detail if quality 
specimens are to result. In the first place, it is necessary to select speci- 
mens judiciously, and in this regard the following points should be 
observed : 

Select specimens that are free from evidence of insect feeding, rust infections, 
and other obvious pathological symptoms 

Oidinanly avoid the <lepauperate individuals. 

Emsure that the specimen is either in flowering or fruiting condition. Sterile 
material is generally worthless. 

If specimen is herbaceous, always include enough of the underground parts to 
show their character. 

Arrangement of the specimen within the pressing paper is an impor- 
tant step in preparing herbarium specimens. When the specimen is fresh, 
its parts are usually pliant and can be arranged easily. Skill in specimen 
arrangement comes with experience, and many collectors take justifiable 
pride in their work. There are many aspects of plant pressing that are 
learned best from experience and by working with collectors of experi- 
ence. However, the following items are offered as suggestions to the 
inexperienced: 

Greatest efficiency is obtained from the pressing paper and the pre^^s only when 
the maximum sin face of the paper is covered by the specimen or specimens. 

Ordinarily, a specimen should be restricted to a single folded sheet of pressing 
papei; some large-foliaged materials are exceptions. 

When individual plants arc veiy small, many may be pressed in a single pressing 
paper. 

Herbaceous specimens longer than 16 in. may be accommodated in toto by fold- 
ing in a V-shaped or N-shaped manner. 

’The reduction of pressing papei size to 16 inches is necessary to avoid making speci- 
mens loo lopv to be mounted on standaid herbarium paper ( 1 P /2 by I 6 V 2 in.). 
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Avoid breaking brittle stems at point of fold by means of moderate maceration 
at the fold before bending. 

Springy stems may be held in place after folding by slipping slitted slips of paper 
over the bent ends. 

Prune specimens judiciously to prevent appreciable overlapping of parts, but 
always leave a basal portion (petiole segment, or flower pedicel) to indicate loca- 
tion of pruned part. 

Whenever possible, arrange one or more leaves (or parts of leaves) with lower 
s’de unpermost. 

When loaves are pinnatcly compound, it may be necessary to excise all except one 
leaf. If the remaining leaf is too large for the sheet, it may be split lengthwise (or 
the leaflets removed from one side) providing the terminal leaflet (when present) 
remains attached and is not mutilated. 

Large palm itely compound leaves usually may be split in half lengthwise and 
one half discarded. 

Very large and tall herbs, if of excuricnt growth, may be split lengthwise along 
the stem (leaving the infloicscencc intact or not) and one half discarded. Another 
choice is to press a section from the bottom, another from the middle, and a third 
from the top: indicating this in the notations. 

In some plants, only a single leaf and the inflorescence may be accommodated 
within a sheet. Always note leaf arrangement in such instances and include the 
entire petiole and portion of stem from which it was produced. 

Plants with gamopctalous corollas should have a few flowers pre.ssed sepaiately 
and some of these split open and spread out before pressing. 

All roots, or other underground parts, should be washed free of soil before 
pressing whenever possible. 

Special aids for better arrangement of specimens or preserving the 
identity of parts of them have been devised or recognized to be of value 
and include: 

Metal bars, about % by 15 in., and Vs in, thick, are helpful in holding 
and folding grass and sedge materials that are considerably longer than 
the pressing sheet.^ 

Flowers with deliquescent corollas or perianths often stick permanently 
to the pressing sheet, or are so thin as to be possible of removal only with 
great difliculty (especially true of iridaceous and commelinaceous 
flowers). The difficulty is minimized by placing a sinf^/e layer of absorb- 
ent cleansing tissue beneath and over the flower before pressing. With 
care, this tissue may be removed by peeling after the specimen is dry. 

Wet strips of newspaper about 1 by 4 in. are of aid in holding down 
obstreperous parts, when a collector is alone and needs an extra pair of 
hands. These strips dry in the press and are readily removed from the 
specimen. 

Pads of newsprint (of a few to several thicknesses of paper) are 

^ In the absence of b;^rs, zigzag folds of stems may be held temporarily by sliding a 
slotted strip ol stout paper over the V, thus leaving both hands free to make successive 
folds 
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very useful when placed around bulky portions of some specimen^, for 
they aid in keeping nearby foliage flat by assuring a more uniform pressure 
on it while in press. Some botanists have advocated use of pieces of %- 
inch sponge rubber for this purpose: either is equally efficient, paper is 
the cheaper. Fosberg (1939) described the use of pads made of cotton 
baiting placed between layers of newsprint. These are inexpensive/easily 
made, and result in the preparation of excellent specimens, especially of 
bulky p’ants. 

Aquatic plants frequently are filmy or somewhat filamentous and are 
difficult to arrange on the sheet when removed from the water. The 
^c-hnique generally used is to tear some unprinted pressing papers into 
fourth L float the paper on thfe water until completely wetted, float the 
specimen nearby, slide over the wet and slightly submersed paper, lift 
the paper carefully (sloping it to facilitate water runoff) and, keeping the 
specimen in place on it, place the wet sheet and its specimen within a 
regular pressing sheet. After drying, the mucilage frequently produced 
from the specimen may cause it to adhere to the quarter sheet, and no 
effort is made to remove the aquatic plant from it. 

Keeping wet material without its spoiling is sometimes a problem 
faced by collectors working in tropical regions, or under emergency situ- 
ations when lacking adequate drying facilities. Two techniques have been 
found useful in these cases, but the results are inferior to those from the 
usual methods of processing material. In cither case, the objective is to 
keep the material from decomposing after it has been collected and 
arranged in pressing papers, until -such time as it can be dried by usual 
procedures. Schultes (1947) favored the following technique: 

Specimens are pressed between blotters for about 24 hours. The press k then 
opened, and each specimen is dipped in a tray containing a solution of 2 parls^of 
commercial 40 per cent formaldehyde and 3 parts of water. After a few second^ of 
immersion, the specimens are replaced in the pressing papers without draining, and 
the sheets of specimens piled on top. oL one another without blotters or corrugates 
between them. Pressure is then applied for a few hours and the bundle then is 
enclosed in an airtight package (cellophane ‘or Pliofilm that may be sealed, or sev- 
eral thicknesses of rubberized cloth). The birtdle is wrapped and shipped to a 
place where the specimens are removed and dried conventionally. Plants may be 
held wet under these conditions for a month or more, and if drying must be 
delayed further, preservation of specimens may ,be maintained by opening and 
redipp.ng the specimens in the- same formaldehyde-water mixture. 

i 

One disadvantage in the use of the above technique is that the preserv- 
ing solution causes drying, blackening, and cracking of the preparator’s 
skin under conditions involving any appreciable contact with it. It is 
recommended that rubber gloves be worn if the tec^ique is used exten- 
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sively. Another disadvantage is the requirement of carrying with one a 
gallon or more of the preserving solution. Specimens made by this means 
are of inferior quality as concerns color retention and prettiness, but arc 
adequate for the necessary scientific studies made of them. A modification 
of this technique was proposed by Fosberg (1947) whereby a preserving 
solution of one part formaldehyde and two parts of 70 per cent alcohol 
were substituted for the Schultes solution. The advantages were better 
wetting, penetration, and more satisfactory control of decomposition. 
Application by means of a fiat 2-inch brush was advocated in place 
of dipping. 

Hodge ( 1947) found the substitution of a 40-50 per cent solution of 
alcohol as the preservative in place of the formaldehyde-water mixtuic 
to be satisfactory, and pointed out that in the tropics, any crude form of 
alcohol, or any similarly spirituous liquor (as rum) was equally effective, 
much cheaper, and more easily obtained than was formaldehyde. Moore 
(1950) favors use of hydroxyquinolinc sulfate as a preservative in this 
technique (for use, see p. 255). 

Drying techniques are of two types; those accomplished without heat, 
and those with the aid of artificial he^ TThfc majority of American col- 
lectors now dry their specimens with the* aid of heat. Either technique 
can produce specimens of poor quality, and because the drying process is 
much accelerated when heat is used, greater care must be observed during 
all its stages if quality specimens arc to result. 

Drying without heat was universal until about the advent of the pres- 
ent century. The procedure is somewhat as follows. Plants are placed in 
pressing papers between the blotters of a conventional field press. No 
corrugates arc employed. The press is locked up for about 24 hours; this 
is^nown as the “sweating” period. It is then opened, and as blotters are 
removed each pressing sheet is turned back, the specimen examined, and 
parts rearranged as the situation demands. This rearranging is an impor- 
tant step, for at thi^time the parts of most plants are somewhat flaccid 
and have lost their natural spring (or as one botanist expressed it, they 
now are “tamed”), and it is a simple matter to place the leaves in desired 
positions, turn back corol^" lobes, etc. The difference between a poorly 
and a well-arranged specimen usually results from the attention given 
it at this stage of the process. After rearranging, the folded sheet is lifted 
onto a fresh dry blotter and covered by another dry blotter. This is 
repeated for every specimen until all have been examined, rearranged as 
necessary, and placed bet^^n dry blotters. The new pile of blotters and 
specimens is then lodked Up in the press and allowed to stand for another 
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24' to 36 hours, when the process of replacing wet (or damp) blotters 
with dry ones is repeated. A third change of blotters follows, and the 
length of the period between this and the previous change will be deter- 
mined in part by the kind of material being dried, but ordinarily it is after 
2 to 3 days. l£.xcept for fleshy and succulent material, which may require 
much longer time, most specimens are completely cured by this technique 
in about a week. Among the disadvantages of the method are the fol- 
lowing: 

A ininirniim of about a week is required for completion of drying. 

Blotters must be changed 3 or 4 times; every wet blotter removed must be dried, 
usually by placing in the sun. 

A large number of blotters must be at hand; the number of specimens that can 
be processed per collector is small as compared to drying by aid of heat. 

The labor expenditure per specimen is excessively high. 

The possibility of impairment of specimens by mold and other fungus growth 
hecemes a major consideration when used in many tropical climates. Larvae, inva- 
liably piesent within flowers of many plants, continue to eat and destroy plant parts 
while drying progresses 


Drying with the aid of artificial heat is the prevalent method. It is 
accomplished by means of heated dry air passing up and through the 
ducts of the corrugated sheet. The efficacy of the method depends entirely 
on the presence of open ducts throughout the entire sheet of corrugated 
material. Every closed duct impairs the quality of the specimen. Those 
opposed to this technique (see Fernald, 1945) have pointed out that 
specimens dried over heat ( 1 ) lose any waxy bloom or glaucescencc that 
may have been present, (2) become brittle during drying, (3) do not 
retain the coloration that is present in specimens dried without heat, an I 
(4) are often permanently marked by ridges of the corrugates. Of these 
objections, only the first is valid, and it concerns a character that is best 
accounted for by notations on the label accompanying the specimen. A 
specimen is not brittle when properly dried over heat, it should retain 
better coloration of foliage and of flowers than when prepared by any 
slower method, and it should not show the markings of corrugate ridges 
if ventilators are used properly. Irrespective of the heat source, the basic 
procedures to be followed for this method of drying are: 

Specimens are “sweated” in the field press for about 24 hours. 

They are then opened, examined individually, rearranged, and each sheet trans- 
ferred to the drying press. 

The drying press is locked up with less pressure than that exerted on the plants 
when in the field press, and the press is placed over the heat source. (If in the open, 
a fire-resistant canvas skirt is placed around *he press and extended to below the 
heat soiree, see Fig 29.) 
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The press is tightened after 6 hours of drying, tightened again after 12 hours’ and 
at the same time is turned over so that the cool side faces the heat. 

After 24 hours the press is removed from the heat source, opened, and all folders 
of dry specimens removed; drying is continued for wet specimens. 

The total time over the heat will vary with the intensity of the heat 
source, from a minimum of 12 hours (considered too rapid drying by 
most collectors) to a day and a half or 2 days. The choice of heat sources 
will depend on the situation. Ordinarily electricity is the simplest and 
most readily controlled, and the use of incandescent bulbs (Fig. 29-f)^ 
resistance coils, or Calrod units all have been proved satisfactory. Resist- 
ance coils are the most hazardous since specimen or blotter fragments 
may fall on them and ignite, providing an incendiary source that may 
burn the press. Hot steam pipes arc an excellent source when the heat is 
constant and especially if a circulation of hot air can be directed upward 
through the press. Drying plants by artificial heat in the field presents 
numerous problems. Kerosene lanterns have been used very effectively 
(7 lanterns are sufficient for a press 4 feet long, and when burned con- 
tinuously require about 5 gallons of fuel a week). It should be remem- 
bered that, to prevent their smoking, wicks need to he trimmed at least 
twice daily when being burned continuously, and a supply of wicks for 
replacements becomes a staple necessity. Gasoline pressure cookstoves 
provide a steady, smokeless, high heat and arc well adapted to plant press 
drying. It is necessary in connection with their use (unless specially modi- 
fied) for the collector to arise several times during the night to pump up 
pressure in the gasoline tank, otherwise the flame goes out. Either of these 
hccit sources is a potential source of danger, by loss of the press from 
fire, and caution must be used at all times when they are employed.*'^ 

Mounting specimens is a phase of specimen preparation that has been 
developed from a number of different approaches. In this country speci- 
mens are mounted on sheets of standard size herbarium paper ( 1 IVi 
by \ 6 V 2 in.). After mounting, they arc stored in special cases built to 
accommodate sheets of this size. The quality of paper varies according 
to the need of the herbarium. Curators of most herbaria recognize that 
'•leir collections are permanent accessions, and mount the specimens on 
tne longest-lasting and most durable paper available for its weight, a 
100 per cent rag paper. Paper of this quality is expensive, and cheaper 
quality papers (of lower rag content) are available. Herbarium papers in 
a selection of qualities are available from biological supply sources. In 

For accounts of drying plants by artificial heat, see references to papers by Camp, 
Fernald. Gates, Lundell, Lunell, MacDaniels, Maillefer, Smith, Steyermark. 




Fig. 30. Mounted herbarium specimens. 
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addition to the selection of paper, there remains the choice of a means by 
which the specimen is to be affixed to it. 

Most herbaria use a glue or paste to fasten specimens to the sheets. 
One or two curators have used wire staples, but the tendency of staples 
to rust is an objectionable feature. The specimens of at least one large 
American herbarium are fastened solely by means of narrow strips of 
adhesive linen, and many curators employ a combination of paste-glue 
and gummed linen strips. Use of any type of adhesive-coated cellophane 
tape for the purpose of affixing specimens to herbarium sheets is to be 
discouraged. It is a practice used largely by uninformed amateurs who 
may be unaware that such tapes will discolor, and of the relatively short 
life of the adhesive coating. The adhesives probably used more than all 
others are Special “A” Tin Paste and Improved Process Glue.'^ The 
former is an inverted starch paste and the latter is a fish glue. The paste 
has been found reasonably satisfactory for all materials except those with 
large coriaceous or highly cutinized leaves; for the latter, a mixture of 
3 parts of the paste with one part of the glue has been found to be more 
satislactory (Merrill, 1926). 

There are 3 techniques most commonly used in mounting specimens 
with paste or glue. The glass plate method, preferred at many institutions, 
requires the use of a piece of (preferably) plate glass at least 14 by 20 in. 
The paste is spread thinly over most of the surface with a flat 2-inch 
brush. The specimen is removed from the pressing sheet, placed face 
upward on the prepared plate, with all parts of the lower side in contact 
with the paste. It is then lifted, with the aid of forceps, and transferred to 
the sheet of mounting paper. The pressing sheet of newsprint is placed 
over the specimen, firmed, and taken off and discarded — this removes all 
excess paste from edges of leaves and flowers. The label is pasted on the 
lower right- or left-hand corner of the sheet. After one or two specimens 
have been mounted, it will be necessary to reapply fresh paste to the 
plate, and at intervals the accumulated dried paste and bits of debris must 
be scraped off with a spatula or other flexible blade, and fresh paste 
applied. The plate should be washed and set to dry after each mounting 
period. 

The second, and alternate, technique requires no glass plate. The speci- 
men is laid on the pressing paper, lower side uppermost, and with the 
aid of a sash brush, small amounts of paste are brushed directly on 

® Both products are manufactured by the Russia Cement Co., Gloucester, Mass. They 
are available from that source in 1 -gallon cans and larger volumes. They keep indefinitely 
when covered, and require no thinning or heating before use. 
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major portions of the specimen. It and the label are then affixed to the 
herbarium sheet as noted above. Some curators consider the second 
method to be more rapid, less messy, and much more economical of 
paste. The advantage of the glass plate method lies in assurance of cover- 
age by paste over all parts of the lower side of the specimen, this resulting 
in a better and more permanent contact with the paper. 

A thiid technique of applying paste is not generally used, except in 
connection with mounting aquatics or other flimsy subjects. The specimen 
to be mounted is laid, lower side uppermost, on a piece of cheesecloth 
( usually 2 to 3 thicknesses). It is sprayed with a diluted solution of paste 
by means of an atomizer, and then flipped over onto the sheet of 
herbarium paper. The diluted paste generally is adequate to affix the very 
light weight and thin texture of such specimens. 

Adhesive strips of linen may be used to affix a specimen to the sheet 
without the aid of any additional adhesive material, but the practice is 
not employed extensively and the disadvantages seemingly more than 
offset the advantages. Supporters of the method point out that it permits 
removal of a specimen from the sheet by slitting the strips, making the 
plant available for critical study of both sides. When study has been 
completed, the specimen must be remounted on a fresh sheet if neatness 
of material is a factoi. The disadvantages are the lack of permanence, the 
additional time required, and the disconcerting appearance of the sheets 
bearing a half dozen or more strips. On the other hand, it is often neces- 
sary to use strips of gummed linen tape as additional aids to hold heav> 
or largely woody specimens to the sheet. These strips (about \V 2 inches 
long) should be as narrow as practicable, varying from Vi,; to -^,0 
wide, and their use should be restricted to a minimum. 

More recently it has been found (Archer, >950) that specimens may 
be affixed to the sheet neatly and readily by application of thin bands 
of quick-drying liquid plastic. In urging further experimentation with 
this technique, Archer emphasized the importance of using* a permanent 
type of plastic (i.e., cellulose acetate, or other duPont formulae specified 
by him) that would not become yellow with age nor crack with usage. 
It is likely that this use of a liquid plastic material may provide a supple- 
mentary technique of special value for woody specimens or others ordi- 
narily requiring the use of gummed linen strips. 

Herbarium labels are an important part of any permanent plant speci- 
men, irrespective of whether the specimen is pressed and mounted, pre- 
served in fluid, or stored dry in boxes. The purpose of the label is to 
provide the person using the specimen with pertinent data not apparent 
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from the material. Consideration should be given to the design and formal 
of the printed form of any label. To most people, the name and source ol 
the specimen constitute the information first desired from examination ot 
its label. This is to be considered in designing any label, and to avoid 
selection of type faces that are distractingly large or bold. Ordinarily a 



Fig. 31. Examples of herbarium labels. Outline maps punted in black when at eiul o 
label and in faint color when covering label (data then typed in black ovei the map) 
Scale at light center used when photographing type specimens and is retained or 
sheet as permanent record (negative number and date are added). 

10-point type face is as large as is needed for the title of the label, anc 
faces of 8-point or 6-point are used for the remaining data. The labe 
should be large enough to accommodate the data to be placed on it. Ver} 
large labels are not only offensive in appearance, but demand space oftei 
needed for the specimen. Under no circumstances should a label be sc 
large as to require folding. Printed labels that designate the data to bt 
provided and the spaces in which they are to be inserted, are wasteful o 
space and are an affront to the competent and intelligent collector. Foi 
ordinary purposes, most labels are of sizes approximating 4 V 2 by 2% in 
(varying V 2 in. in either dimension). 
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Botanists engaged in floristic studies of an area should give considera- 
tion to including a reproduction of a condensed outline map of the area 
(or a political section of it) on one side of the label, especially if the 
area is one not represented in detail on the maps of any domestically 
published atlas. In practice, a colored dot is placed on the map to indicate 
the approximate location where the specimen was collected (sec Fig. 31 
for samples of labels used by various botanists). The making of labels 
by the mimeographing process is to be discouraged unless well done and 
impressed on a high-quality bond paper. Few mimeographed labels have 
characters that are sharp and clear, and too often they are run off on 
the usual short-lived sulfite mimeograph paper which yellows or disin- 
tegrates with age. 

Data on labels should be typed, preferably on a machine equipped with 
elite type characters, since this produces 12 characters to the inch instead 
of the 10 characters of pica type." Duplication of labels by means ot 
carbon copies of the typed data is not satisfactory because the copies 
smudge and have a secondhand appearance. Their use often produces the 
illusion that the original copy went with a better specimen of the same col- 
lection. Data written on labels in longhand are always aceeptable, bu( 
care must be taken that it be very legible, especially as concerns place 
names. It should be remembered that handwritten labels must be legible 
and comprehensible to persons not familiar with the English language 
or with local geographical names. 

Prt>’t‘r\alion of speeimoiiH 

Herbarium specimens are subject to serious damage by being eaten by 
various in.sects. Notable among these predators is the tobacco or 
herbarium beetle {Lasioderma serricorne) or the drugstore beetle {Ste- 
^ohium panicewn) and the more minute and colorless book louse 
(Atropos divinatoria) . These insects may complete their life cycle within 
dried specimens, attacking material of all ages, and chewing through the 
sheets to pass from one specimen to another. The herbarium beetle, the 
worst offender of the three, completes its life cycle in 70 to 90 days, with 
larval stage occupying 35 to 50 days. Large collections of herbarium 
specimens are known to have been completely destroyed by insect infes- 
tations (especially by the larvae) during periods of unattended storage. 
Constant vigilance against ravages by insects must be maintained if speci- 
mens arc to be preserved. Preservation of herbarium collections from 
insect damage is accomplished most effectively by combined use of 

See Chapters XII and XIII and Walker (1942j for label data. 
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insecticides and repellents. There is no known means of treating ‘her- 
barium specimens whereby they are permanently free from insect attack 
and at the same time readily available for use. 

Insecticides kill the insect either by contact or by being eaten. Contact 
insecticides used in herbarium management include cyanide gas, para- 
dichlorobenzene (PDB), carbon disulfide gas, a mixture of ethylene 
dichloride and carbon tetrachloride, or DDT. Placing specimens in a 
chamber which is heated to a degree lethal to the insect is another means 
of killing. Digestive poisons that have been used for this purpose include 
salts of mercury or arsenic. 

The first 4 of the above mentioned insecticides are functionally gases, 
and to be effective the specimens must be in an enclosed chamber (a 
special airtight compartment or a reasonably airtight metal herbarium 
case). Most institutions using them fumigate the entire herbarium at 
regular intervals of 1 , 2, or 3 years — depending on the degree of control 
found to exist. Furthermore, every parcel or bundle of plants that comes 
into the herbarium must be fumigated before the specimens arc mounted 
or distributed throughout the collection. New accessions are a prime 
source of reinfestation. This is particularly true of material received on a 
temporary loan basis; it too must be fumigated on receipt if all sources 
of infestation are to be checked. Specimens collected on expeditions and 
awaiting determination and naming should be fumigated on receipt. These 
freshly collected specimens often contain actively foraging larvae of 
other insects which should be killed as soon as possible. There is no 
residual or permanent gain from any form of gas poisoning. Its effective 
period is that when present as a gas in high concentration. 

The most effective insecticide is cyanide gas. It is exceedingly poison- 
ous to all forms of life and may be used only with special precautions 
and generally by specially trained personnel.'^ It is now used exclusively 
at the Kew, the world’s largest herbarium, under procedures described in 
ietail by Ballard (1938). Its use demands either (1) a specially con- 
structed airtight chamber into which the specimens are placed, or (2) 
closure and sealing of the building in which the herbarium is situated. 
When accomplished by the use of a special chamber, the cost of fumiga- 
tion is less than one dollar per thousand specimens, but if all spaces in a 
building are to be fumigated, the cost is usually far in excess of this 
amount. 

” Any contemplated use of cyanide gas for the control of insect pests in herbarium 
specimens should be preceded by an investigation of local public health oidinances. 
Many municipalities forbid use of the gas within jurisdictional areas, except under super 
vision and cognizance of public health oflicers. 
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Paradichlorobenzene, the common insecticide for clothes moths, is 
effective in killing herbarium insects if used in sufficient quantities. The 
crystals vaporize more rapidly at temperatures of 110°-130° than at 
normal room temperature, and specimens should remain in the airtight 
chamber for periods of 3 to 4 days at such a temperature, or for longer 
periods at lower temperatures. This material is more commonly used in 
most herbaria as a repellent than as an insecticide.'^ 

Carbon disulfide (carbon bisulfide) is probably the most commonly 
employed fumigant in herbaria. Ordinarily it is purchased in cartons of 
5-pound bottles or 1 -pound cans. The technical grade is as effective and 
much more economical than the more refined C.P. quality. Carbon di- 
sulfide is a very volatile, highly inflammable liquid. It produces a gas at 
room temperatures of 50' -60'" F that is characterized by a disagreeable 
sulfurous odor. The danger of fire or serious explosion attendant on the 
use of this material cannot be overemphasized. The gas is of a highly 
explosive character, and the material should never be used in a room 
having an open flame, sparks, or even high temperatures. Fumes are 
readily ignited by hot electric resistance coils. The gas is heavier than 
air, and is an efficient and economical insecticide. Ordinarily, in herbaria 
housed in steel cases, it is handled for fumigating by placing a metal tray 
(pie plates are ideal) containing about 6 to 8 fluid ounces of the liquid 
on the top of each tier of shelves, closing the door tightly, and leaving it 
closed for 2 to 3 days. The usual procedure is to treat all cases at one time 
and to close the room for the fumigating period. No herbarium case is 
gaslight, and seepage of the gas will occur. For this reason, it should be 
used at a period when either the room can be sealed efficiently or the 
entire building vacated of personnel. It must be remembered that the fire 
hazard is present during all this period. Herbarium specimens in ordinary 
wooden or pasteboard cases or boxes must be transferred to a special case 
or chamber for adequate fumigation. Adequate concentration of either 
cyanide gas or of carbon disulfide will kill the eggs of the herbarium 
beetle; however, these concentrations do not always reach all specimens, 
and complete control is not achieved in most cases. Tn many instances 
this also may be because of undue leakage of the gas from the steel cases 
or to an inadequate volume of liquid used for the case. Other things being 
equal, the more bulky the plant material in tlie case, the more space to 
be filled with gas and the greater is the volume of liquid required. 

For papers on the use of paradichloiobenzene in the herbarium, see Martin (1925) 
and Merrill (1948). 

The piotcction offered by many fire insurance policies is void for losses or damages 
attributable to use of this chemictil 
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Entomologists now advocate substitution of a mixture of 3 parts '(by 
volume) of ethylene dichloride with one part of carbon tetrachloride for 
the carbon disulfide. This mixture is slightly more expensive but is of 
equal toxicity as an insecticide; it volatilizes readily at room temperatures 
and is noninlianvnahle. Ethylene dichloride is an inflammable liquid, but 
ceases to be so when mixed with the incombustible carbon tetrachloride 
at the ratio of 3 to one. The mixture may be stored indefinitely when 
tightly stoppered. In fumigating practices, a 10-15 per cent increase in 
volume of fumigant is recommended over that calculated for carbon 
disulfide. 

Bichloride of mercury (corrosive sublimate) is a stomach poison that 
is highly toxic and generally lethal to all forms of animal life that ingest 
it. There are two or more techniques commonly used for the application 
of this material to herbarium specimens. The crystals or powder is dis- 
solved in a solution of 95 per cent alcohol in quantity sufficient to pro- 
duce a supersaturated solution at room temperature. This is the stock 
solution. It should be kept in a glass-stoppered bottle clearly labeled as 
to Its contents and marked POLSON.*^ The solution used to poison the 
specimens is prepared by adding one part of stock solution to 9 parts of 
clcohol. According to one technique, this poisoning solution is poured 
into a glass or nonmetallic tray and each plant specimen, before mount- 
ing, is dipped in it, returned to its pressing sheet, and dried between 
blotters for 24 hours. Following this, it is ready for mounting. The second 
technique uses the same poisoning solution, but applied by means of a 
flat brush instead of by dipping the specimen. This modification is more 
V conomical of material, is generally a quicker procedure, and is less likely 
to result in any undesirable whitish residue of the chemical on the plant 
parts. The material should not be sprayed with an airbrush, unless the 
latter is of a noncorrosivc metal. Ordinarily bichloride of mercury solu- 
tion is not applied to specimens already mounted on herbarium sheets, 
i)ecause if the plant material is of recent collection the alcohol will dis- 
solve some of the pigments and leave an unsightly discolored residue on 
the sheet, and furthermore, the chemical itself usually will produce a 
brownish or blackish mercuric stain when in contact with paper. Com- 

^ ^ This stock solution is generally made up with ethyl alcohol, but where the cost of 
this solvent prohibits its use, methyl (wood) alcohol or isopropyl alcohol may be used. 
The poisonous character of this material is not apparent immediately on ingestion, and 
when consumed into the human system it causes a gradual and finally complete cessation 
of function of the kidneys. It is a cumulative poison, and repeated intake of minute 
quantities is additive and injurious. Death is not immediate, but it is certain. The mate- 
r al is a strong irritant to mucous membranes and one should not rub the eyes at any 
time while handling it or diluted solutions of it. 



252 


PRINCIPLES AND PRACTICES OF PLANT TAXONOMY 


plclc control of insect infestation cannot be insured by poisoning with 
this material. Nonetheless, it is one of the most effective stomach poisons 
known for the purpose and does provide suflicient control to justify its 
use. However, the metalic salt must be eaten before the insect is affected 
by it, and since it is applied only to the surface of the plant it is some- 
times escaped entirely by those larvae that are working within a stem or 
within a bulky dense inflorescence. Penetration of the liquid, even by 
dipping of the specimen, is not appreciable in fleshy, succulent, or 
cutinized parts of plants, in the heads of many of the Compositae, or in 
waxy, thick, coriaceous foliage. Bichloride of mercury is not a permanent 
poison. As years pass, the material becomes inert and is then worthless 
as an insecticide. It is alleged by some botanists to be responsible for 
dermatitis symptoms, others object to it because of the possibility of 
internal poisoning from handling the treated parts (no case of poisoning 
from this source has been found reported in the record), and additional 
objections exist on the grounds of its lack of complete protection against 
insect damage due to its loss of potency. 

DDT (dichloro diphenyl trichloroethane) has been advocated as an 
insecticide to be dusted on the plants as soon as they are dried and as 
removed from the press (Howard, 1947). It was found that a light 
sprinkling (as with a salt shaker) of 100 per cent DDT killed all insects 
present on or in the plant at time of collection, and concentrations of 
25 to 50 per cent DDT have been found by other botanists to be equally 
effective. The material, dissolved in one of several solvents, has been 
used in place of bichloride of mercury as a presumably permanent con- 
tact poison for herbarium specimens. However, it is now known that 
currently available preparations of DDT do not provide a permanent 
insecticide, and that the toxic value of it dissipates within one or two 
years after application. Investigations on the use of DDT liquid applica- 
tions to the interior of the herbarium cases are being conducted, since 
it is much simpler to spray such interiors at regular intervals of about a 
year than to treat individual specimens with any nonpermanent material. 

Heat has been mentioned as an efficient means of controlling insect 
infestations. The subject was discussed by O’Neill ( 1938) and in at least 
one American herbarium (University of Montreal) each steel herbarium 
case has been equipped with a thermostatically controlled electric heat- 
ing unit by means of which the spaces within the case may be heated to 
temperatures lethal to eggs, beetles, and larvae. O’Neill demonstrated 
that a temperature of 140° F was adequate to kill all stages of insect 
development within a few minutes. However, because of the poor con- 
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ductivity of the volume of paper present in a well-filled herbarium case, 
it is necessary to raise the air temperature within the case to 170° F for a 
period of 4 to 5 hours. There is no evidence to show that this heating 
increases the brittleness of the specimens. The construction of a special 
heating chamber has been found useful for application of this method, 
but the cost of handling specimens is high. 

Repellents are chemicals that deter infestation by insects but do not 
function necessarily as agents that are toxic or lethal to the insect. The 
two principal repellents are naphthalene compounds (naphtha flakes) and 
paradichlorobenzene (PDB). The report by Merrill (1948) on the effi- 
cacy of repellents indicated that the placing of a small (2 or 3 oz. size) 
muslin bag filled with a mixture of two parts naphthalene and one part 
paradichlorobenzene was placed in each case and pasteboard carton con- 
taining specimens. These bags are refilled with the mixture once a year, 
and have been found to be effective as repellents when used in cases 
known to be free from initial insect infestation at the time of insertion. 

Housing of bulky materials 

Not all plant materials, because of their excessive bulk and weight, are 
suited for mounting directly on herbarium sheets. Other materials, espe- 
cially fruits and some vegetative parts, are of too succulent or fleshy a 
texture to retain, when pressed and treated in the conventional manner, 
any of the characters that are so diagnostic when fresh. All of these cases 
demand special consideration, that the necessary morphological features 
may be preserved as satisfactorily as possible. 

Dry treatments involve the use of boxes, folders, and envelopes. Mate- 
rial of large fruiting structures (cones, capsules, woody palm inflores- 
cences, etc.) are usually placed in boxes designed to fit into herbarium 
case pigeonholes. These boxes are of strong pasteboard construction, 
‘"overed with a buckram cloth, and have a cover lipped on all sides, with 
a label holder and handle affixed to the front end. Bailey (1946) has 
pointed out the utility of a folder of heavy white ledger paper for use in 
the housing of unmounted palm specimens. The same type of folder is 
equally suited for coniferous material whose leaves are persistent on 
drying. Small dry fruits too bulky to remain directly on the specimen 
affixed to a sheet are preserved in stout clasp-type envelopes on which 
are pasted labels that are duplicates of those on the conventionally 
pressed specimens. 

Liquid preservation is employed by curators of some herbaria, espe- 
cially for such succulent material as found in the Aizoaceae, Cactaceae, 
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and'Euphorbiaceae, or for material temporarily preserved for demonstra- 
tion or dissection purposes in the classroom. There are many disadvan- 
tages to use of liquids as a means of permanent preservation, primarily 
the bulk, weight, and cost of adequate containers and preserving fluids. 
In addition, attention must be given to periodic replacement of the pre- 
serving fluid. Most materials can be preserved adequately, or their di- 
agnostic characters shown by use of other methods. In the case of succu- 
lents, these other methods usually involve the preservation of the outer 
shell, which is skinned away from the softer fleshy central portion, and 
by sectioning and by drying. Prior to this, the plant should be photo- 
graphed (black and white, not in color except as a supplementary photo- 
graph) in sufficient detail to show the form and such other significant 
details as may otherwise be lost. A metric scale or other object should 
be included in the photograph to indicate sizes. Flowers of succulents 
usually are excised and pressed conventionally, and either mounted on 
sheets or placed in pockets or envelopes together with the more bulky 
dried portions. Photographs should be kept in the herbarium together 
with the dried material. 

There are many formulas available for preservation of plant materials 
in liquid. Each is recommended usually to meet the needs of a particular 
use for the material. The time-honored liquid preservative for general 
taxonomic use is a 5 per cent aqueous solution of the commercial formal- 
dehyde. This provides a very economical but only moderately satisfac- 
tory preservative. Formaldehyde solutions prevent decomposition of the 
material, but otherwise they have little to commend their use over solu- 
tions described below. Specimens preserved in formaldehyde become 
unduly limp and flaccid, and gamopetalous flowers particularly fail to 
retain characteristic forms. The solution causes a hardening of the skin 
even from contact with the small amounts remaining with specimens that 
have been washed in clear water. The odor is unnecessarily offensive, 
especially to beginning students, and the fumes of the diluted solution 
irritate mucous membranes of nasal passages and eyes of sensitive indi- 
viduals. Many schools have ceased to use formaldehyde “pickle” for any 
material preserved for classroom use, and by using inoffensive preserva- 
tives or techniques have stimulated increased interest in dissection of 
the better preserved specimens. 

If it is anticipated that morphological study is to be made of parts of 
the preserved material, a solution of 70 per cent alcohol is to be used. 
Material that is to be subjected only to gross morphological examination 
may be preserved in a solution of 50 per cent alcohol. This is adequate to 
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prevent decomposition, and usually hardens floral parts more than does 
the 5 per cent solution of commercial formaldehyde. Material that has 
been preserved in a mixture of 50 or 60 per cent alcohol is much more 
pleasant and easy to handle. Alcohol (ethyl or isopropyl) is much more 
satisfactory than is formaldehyde for “pickling" specimens for class and 
laboratory dissection. If the “pickled" material is somewhat fleshy, or if 
zygomorphic corolla form is to be retained, a 70 per cent alcohol solution 
is more satisfactory. 

Oxyquinoline sulfate (or hydroxyquinoline sulfate), in 1-2 per cent 
aqueous solution has been found to be a general preservative to be used 
as a substitute for either alcohol or formaldehyde (Swingle, 1930). The 
concentration of the solution is not a critical factor; a 0. 1 per cent solu- 
tion checks bacterial decomposition in most plants, and solutions of 5 per 
cent of the material have no deleterious effect on preserved material. The 
solution is noncorrosive to the skin, is practically odorless, it does not 
evaporate any more rapidly than docs water, and it is inexpensive. If 
spilled, or lost by leakage, no injurious effects to fabrics result (although 
it should be kept from ferrous metals). Swingle .eported that materials 
preserved in it were killed and adequately fixed for macroscopic mor- 
phological study. It is particularly useful for field “pickling," since small 
envelopes or capsules of measured quantities of powder may be taken on 
a trip and mixed with water as needed (cf. Moore, 1950). Material pre- 
served in this solution docs not retain most colors (greens persist the 
longest) and in general corolla tissues soften as do those preserved in 
formaldehyde solutions. 

Color retention ani preservation of flowers by means of formaldehyde 
fumes have been found satisfactory for some kinds of material, and be- 
cause of the ease of preparation and economy, the use of this technique 
is particularly adapted to chissroom needs. Proposed by Harrington 
(1947) and somewhat modified since then, the technique consists of 
placing a pad of absorbent cotton in the bottom of a wide-mouthed 
glass. This is then wet with commercial formaldehyde (undiluted) and 
the cotton covered with a protective perforated cellophane disk. Fresh 
flowers arc placed on the disk and the container is sealed tightly until 
the flowers arc to be used. Some flowers retain their shape and color for 
many months, although those of certain families (Compositae, Com- 
melinaceae, and Tridaceae) are for the most part notable exceptions that 
do not respond favorably to the method. 

Preservation of colorless parasitic materials (as Monotropa) that 
ordinarily blacken when placed in the usual preserving fluids was re- 
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ported by Nieuwland and Salvin (1928) to be accomplished by the fol- 
lowing procedure, 

Place specimen in a test tube of 95 per cent ethyl alcohol; add 0.5 g of sodium 
sulfite, and 0.5 cc of concentrated hydrochloric acid. 

Seal lightly and shake. 

Allow to stand one week. 

Siphon or pipette off the alcohol, replace with xylol, and seal airtight. 

Retention of green coloration is frequently desired in pickled material 
prepared for class use. Several formulas have been found satisfactory, 
but one of the simplest to prepare and use is a modification of that by 
Keefe (1926), as follows: 

90.0 cc 50 per cent ethyl alcohol (isopropyl alcohol may be used) 

5.0 cc commercial formaldehyde 

2.5 cc glycerin 

2.5 cc glacial acetic acid 

20.0 g cupric chloride (for normally yellow-green foliage use half this 
quantity) 

2 5 g uranium nitrate 

Fresh material is placed directly in the solution and left until needed. 
Flowers placed in this solution will not retain any of their original 
colors. Herbarium specimens made from material taken from this solu- 
tion are reported to retain their green foliage color indefinitely. 

Quick-jreeze equipment has been found by the author and others (cf 
Harrington, 1950; Rollins, 1950) to provide an excellent means of pre- 
serving material for class dissection purposes. Most flowers and fruits 
packaged in moisture-tight cellophane type wraps or in glass jars keep 
their color, form, and texture indefinitely when stored at temperatures of 
10°F and lower. Material taken from the freezer retains its color and 
much of its structure for periods of 2 to 4 hours. Success has been experi- 
enced with flowers of Tradescantia, Eichliornia, Hypericum, Iris, Ipo- 
moea, and others of fugacious or deliquescent character. Monotropa does 
not blacken until an hour or more after thawing. A freezer of 20 cu ft 
capacity, carefully packed, will hold enough material for a class of about 
twenty students. For lists of names of plants well suited to this type of 
preservation, see Rollins ( 1950) pp. 294-297. 

Special techniques pertinent to the needs of particular families are the 
problems of every collector. Before making extensive collections for 
herbarium purposes, the collector should study the very competent papers 
by Johnston (1939), Fosberg (1939), Fogg (1940), Ricker (1913), 
and Archer (1945). Techniques designed to meet the needs of special 
groups have been recounted by Bailey (1946) for the palms, Macdougal 
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(1947) for cacti, Sharp (1935) for gymnosperms, and Verdoorn (1945) 
for succulents. 

All taxonomic research involves preparation and study of floral dis- 
sections from herbarium material. When working on revisionary studies 
it is desirable to keep these dissections for ready reference and restudy. 
Several techniques have been found satisfactory for this purpose. Accord- 
ing to one, the specimen is dissected on a glass slide ( 1 by 3 in. or 2 by 
3 in.) after having been boiled a minute or less in an aqueous solution 
of 10 per cent glycerin. On completion of the dissection, the specimen 
is covered with a few drops of warm glycerin, and the slide is stored on 
a flat tray (usually in a small, dustproof case) after having been 
labeled to identify it with the herbarium specimen from which it was 
removed. These dissections may be preserved indefinitely by occasional 
addition of a drop of a solution of one per cent oxyquinoline sulfate. They 
never dry out completely and may be dissected further at any time as 
necessary. 

An account of a different treatment of such dissections has been pub- 
lished by Quisumbing ( 1931 ), wherein fresh flowers or the dried flowers 
removed from a herbarium sheet, are boiled in water, dissected, studied, 
and transferred to a glass slide on which has been placed a sufficient 
number of drops of sodium silicate (common water glass) to almost 
float the dissection. The preparation is covered quickly with a cover slip 
(transparent plastic may be used for large material) and allowed to dry. 
Best results are obtained if all surplus moisture is removed by teasing 
v/ith pledges of absorbent tissue before transferring to the permanent 
slide mount. If it is necessary later to remove the cover slip for further 
dissection, the medium can be softened by boiling in water “for an 
hour or so and then left in an evaporating dish for a longer period.” 

Herlnirium cases 

The modern herbarium case is of welded and reinforced steel con- 
struction, with 2 or 3 tiers of pigeonholes (the number depending on 
whether the case has a single door or double doors) each usually 19 in. 
deep, 13 in. wide, and 8 in. high. These cases when empty weigh 350 to 
700 pounds each. They are not fireproof, but are dust-tight and are 
designed to be sufficiently gas-tight for most fumigation requirements 
(Fig. 28). 

Small collections may be housed temporarily in specially designed card- 
board cartons that may be stacked in tiers to heights of six feet or more 
without damage to boxes or contents (Merrill, 1926). These cases are 
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used in many larger herbaria to house overflow collections or to alleviate 
other congested conditions (Fig. 32). They have the advantage of 
economy and arc reasonably convenient. They are not at all dustproof, 
and insects have free access to the contents. Fumigation of specimens 
housed in them may be accomplished either by removal of material to 
a fumigation chamber or by general fumigation of the room they are in.^^ 



Fig. 32. Temporary herbarium storage boxes. 

Plants are arranged in the herbarium according to a selected classifica- 
tion. If the collection comprises a local flora, or is restricted to indig- 
enous plants of the United States, the selection of the classification is not 
of major importance. Most American herbaria are arranged according 
to either the Engler or the Bessey system.^*^ If the herbarium is to include 
specimens from all parts of the earth, it is necessary for the present to 

These cartons are available currently from the Starr Corrugated Box Co., Maspeth, 
L. I., N. Y., at an approximate cost (in 1950) of $25.00 per hundred. Knobs or pulls 
for the door flaps are an additional item. 

^^Sce pp. 127-130 for sequence of American families of flowering plants according 
to the Bessey system. 
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follow either the Engler system or that of Bentham and Hooker — 
unless the tenets of the Hutchinson system are accepted. 

Herbarium specimens, after being mounted, are sorted by family and 
by genus. Those of each genus are placed within a folded genus cover. 
In most herbaria, when there are several sheets of a given species, they 
are placed in a genus cover apart from the miscellaneous species of that 
genus. By convention, the genus cover has the name of the genus written 
or printed on the lower left edge, and when the cover is restricted to 
specimens of a single species, the genus initial and species name are 
placed on the lower right margin. Curators following the Engler system 
usually precede the generic name on the lower left by the number as- 
signed to that genus by Dalla Torre and Harms.’* In small herbaria, it 
is customary to file the genera and species in alphabetical sequence under 
each family. In the large herbaria of this country the genera are filed in 
phylctic sequence according to Dalla Torre and Harms. In such instances, 
there usually is an index card to genera filed in the pigeonhole where 
each family starts. This card lists the genera alphabetically and - fol- 
lowing each name is the Dalla Torre and Harms sequence number foi 
the genus, or there is indicated the number of the herbarium case ir 
which each genus is situated. The species of some large genera (as Carex 
Primus, Senecio, Rhododendron, etc.) may be filed also according tc 
a particular phylctic sequence, and in such instances a similar index care 
accompanies the cover of the first species of the genus. The basis for the 
phyletic sequence of species is usually that given in a monograph o 
the group. 

Most large herbaria segregate specimens also by the continent tc 
which the material is indigenous. Usually this fact is indicated by ap- 
propriate index tabs or names on the front edge of each genus cover, oi 
by using genus covers of different colors for each geographic region. B} 
these systems, if a species is represented by specimens from both easterr 
United States and other specimens from continental Europe, those oj 
each region will be in separate genus covers and all the genus covers oi 
a single species will be together. Likewise, in large collections, the speci 
mens of a given species within a single cover may be arranged in a pre 
determined geographic sequence. In the United States this is usualb 
from north to south and east to west. The particular sequence is readib 
discernible from inspection of the sheets within any selected cover. Any 
one making use of the facilities of a herbarium employing this practice 

''Dalla Torre, C. G. and Harms, H. leds.]. Genera siphonogamarum. Berlin, 1900 
1907. For description of this work, see p. 287 of this tex^ 
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should take cognizance of it and ensure that he does not disarrange the 
specimens by careless or indiscriminate shuffling. The principal advan- 
tage of geographical arrangements of specimens within a cover is that 
it enables one to observe quickly the probable general distribution of 
the species, and also to ascertain readily whether or not a specimen from 
a particular place is included in the collection. 

Type 8pt*eimen8 

Type specimens are the specimens on which the name of an element 
has been based. In the event of a discrepancy between various descrip- 
ti(ms of the element, recourse is had to the type specimen, and the 
situation existing with it often clarifies the matter. For this reason, type 
specimens (or types, as they are usually termed) are among the most 
valuable in any herbarium. There can be only a single type specimen for 
each nomenclatural element. Because of their value, types are given 
special care by curators of herbaria. In some herbaria, they arc kept in 
separate and special cases. This precludes unnecessary handling and 
permits more adequate inspection for possible insect infestation. Usually 
the sheet bearing the type is placed within a protective cover of some 
sort, or within a large envelope. If the herbarium is not in a reasonably 
fireproof structure, the types should be removed from it and given the 
benefit of the most protective housing available. Evidence of the cogency 
of taking these precautions lies in the fact that 7 American herbaria 
have been destroyed by fire, in whole or in part, during the last 50 years. 

A greater and more tragic loss of literally thousands of type specimens 
resulted from the burning of the great herbarium at Berlin in 1943, as 
a result of allied bombing raids. Type specimens should not be used or 
handled any more than is essential, and curators of many herbaria do 
not permit their being sent out on loan to other botanists or institutions. 

LITERATURE: 

Akchf r, W. a. Collecting data and specimens for study of economic plants. 

U.S. Oept. of Agr. Misc. Publ 568: 1-52, 1945. 

. New plastic aid in mounting herbarium sheets. Rhodora, 52. 298 -299, 

1950. 

^'"’Onc piactice of increasing frequency is to place the type specimen within a piotec- 
tive folder of genus-cover mateiial whose folded lower edge has been overprinted with 
a bioad led band This conspicuous edge facilitates locating a tyjje when it has been 
included with covers of other specimens. 

According to data provided by Jones and Meadows (1948), these were the herbaria 
at the following institutions (together with dale of loss)* California Academy of Sciences 
and the Univ. of Idaho 1906, Earlham College 1924, Clemson College 1925, Univ. of 
Tennessee 1934, Tuskegee Institute 1940, and Univ of Kentucky 1948. 



FIELD AND HERBARIUM TECHNIQUES 261 

Bailey, L. H. The palm herbarium with remarks on certain taxonomic practices. 
Gentcs. Herb. 7: 153-180, 1946. 

Baker, G. E. Freezing laboratory materials for plant science. Science, 109: 525, 

1949. 

Bali ARD, F. Herbarium specimens and gas poisoning. Kew Bull. 1938, 387-389. 
Benson. L. Notes on taxonomic techniques. Torreya, 39: 73-75, 1939. 

Blakl, S. F. Better herbarium specimens. Rhodoia, 37: 19, 1935. 

Camp, W. H. On the use of artificial heat in the preparation of herbarium speci- 
mens. Bull. Torrey Bot. Club, 73: 235 243, 1946. 

Coley, M., and Whaihfrby, C A. Wild flower preservation, a collector’s guide. 
197 pp. New York, 1915 

Collins, F. J. The use of corrugated paper boards in drying plants. Rhodora, 12: 
221-224, 1910. 

Better herbarium specimens. Rhodora, 34: 247 249, 1932. 

Fassftt, N. C. Herbarium technique Rhodora, 51: 59 60, 1949. 

Fernald, M. L. Injuiy to herbarium specimens by extreme heat. Rhodora, 47: 
258-260, 1945. 

Flssi NDi N, G R Preservation of Agiicultural specimens m plastics. US. Dept. 

of Agr. Misc. Publ 679: 1 78, 1949. 

Fogg, J. M. Suggestions for collectors. Rhodora, 42: 145-157, 1940. 

Fosberg, F. R. Plant collecting manual for field anthiopologists. Philadelphia, 1939 

. The herbarium. Sci. Monthly, 63: 429-434, 1946. 

. Formaldehyde m plant collecting. Science, 106. 250-251, 1947. 

Gails, B An electrical drier for herbarium specimens Rhodora, 52: 129-134, 

1950. 

Gleason, H. A Annotations on herbarium sheets. Rhodora, 35: 41 43, 1933. 
HarrinciFon, H D Preserving plants in formaldehyde fumes. Turtox News, 25: 
238, 1947. 

. Preserving flowers by freezing. Turtox News, 28: 51, 1950. 

Harking ION, H. D. and Smiih, A. C Methods of preseiving and arranging her- 
barium specimens. loiirn N. Y. Bot. Ciard. 31: 112-125, 1930. 

Hodgf, W. H. The use of alcohol m plant collecting. Rhodora, 49: 207-210, 1947 
Horr, W. H. a rapid plant dryer, 7rans. Kans. Acad. Sci. 50(2): 191-193, 1947. 
Howard, Richard A. I'he use of DDT in the preparation of botanical specimens 
Rhodora, 49: 286-288, 1947. 

Johns I ON, I. M. The preparation of botanical specimens for the herbarium Arnold 
Arbor, Harvard Univ., 1939. 

JoNLs, G. N. and Meadows, E Principal institutional herbaria of the United 
States. Amcr. Midi. Nat. 40: 724-740, 1948. 

Eundeil, C L. a useful method for drying plant specimens in the field. Wiightia, 
1: 161, 162. 1946. 

Mac Daniels, L. H. A portable plant drier for tropical climates. Amer. Journ. Bot 
17: 669-670, 1930. 

Macdougall, T. a method for pressing cactus flowers. Cactus and Slice. Journ. 19: 
188, 1947. 

Maillli lr, a Lcs herborisations ct la dessication des plantes pour herbiers. Bull. 

Soc. Vaudoise Sci. Nat. 62: 421-429, 1944. 

Mari IN, G. W Paradichloiobcnzenc in the herbarium. Bot. Gaz. 79: 450, 1925. 
Merrill, E. D. An efficient and economical herbarium paste. Torreya, 26: 63 65, 
1926. 

. An economical herbarium case. Torreya, 26: 50-54, 1926. 

. On the technique of inserting published data in the herbarium. Journ 

Arnold Arb. 18: 173-182. 1937. 



262 


PRINCIPLES AND PRACTICES OF PLANT TAXONOMY 


. On the control of destructive insects in the herbarium. Journ. Arnold Arb. 

29: 103-110, 194«. 

MillspaucjH, C. F. Herbarium organization. Field Mus. Nat. Hist. Publ. Mus Tech. 
Ser. 1: 1-18, 1925. 

Moorf., H. F Jr. a substitute for formaldehyde and alcohol in plant collecting. 
Rhodora, 52: 123 124, 1950. 

Nicnoi s, G. F. and Si\ John, H. Pressing plants with double-face corrugated paper 
boa.rds. Rhodora, 20: 153 -160, 1918. 

Niluwi AND, J. A. and Slavin, A. I) Preservation of Monntropa and similar plants 
without discoloration. Proc. Indiana Acad Sci. 38: 103-104, 1928 
(VNiiiJ , H. Heat as an insecticide in the herbarium Rhodora, 40: 1-4, 1938. 

Pii RCF., W D. Retention of plant colors Science, 84. 253-254, 1936 
Qufsumbincj, 1^ Water glass as a medium for permanently mounting dissections of 
herbarium material. Torreya, 31: 45-47, 1931 
Ri( Ki R, P. I.. Directions for collecting plants U S. Dept, of Agr. Bur. PI. Ind. Circ. 
126: 27-35, 1913. 

Robinson, B. I.. Insecticides used at the Gray Herbarium Rhodora, 5: 237-247, 
1903. 

Ror LINS, R. C. Deep-freezing flowers for laboratory instruction in systematic bot- 
any. Rhodora, 52: 289 297, 1950. 

SAi isBiJRY, F. The collection, preservation and interchange of biological material. 

Roy Soc. Empire Sci. ('ong. Rpt 1946 (2)* 206-211, 1948 
ScHiiLiLS, R. h. The use of formaldehyde in plant collecting. Rhodora, 49: 54-60, 
1947. 

SmiiY, F. J Preservation of plant mateiial in natuial colors. Rhodora, 39: 16-19, 
1937. 

Sharp, A. J. An impiovemcnt in method of preparing gymnosperms for the her- 
barium Rhodoia, 37: 257 268, 1935 

Smiih, Ci G A drying cabinet for the herbarium. Journ So. African Hot. 12: 43 - 
45, 1946. 

SihViNS, F. L. Coirugated aluminum sheets for the botanist's press. Bot Gaz. 82: 
104 106, 1926. 

SiLYLRMARK, JiLiAN A. Notcs on drying plants Rhodora, 49: 220 227, 1947. 
SwiNoi I , C. F, Oxyquinoline sulphate as a preservative for plant tissues Bot. Gaz. 
90: 333-334, 1930. 

TuRRiLi . W B Taxonomy in the seed-bearing plants. Kew Bull. 1950: 453-461. 

I Largely an account of herbarium management at Kew 1 
Vi:rd()()rn, 1. C. On the genus Aloe ---Preparation of herbarium material at Pre- 
toiia Chion. Bot. 9. 150, 151, 1945. 

Wm.ki R, F’. Recording localities on specimen labels. Chron. Bot. 7: 70 71, 1942. 
Whirry, F'. 'W A plastic sprav coating for herbarium specimens. Baitonia, 25: 86, 
1949. 



€ H A P T K II X 1 1 




MONOGRAPHS AND REVISIONS 


The preparation required for the produetion of monographs and revi- 
sions often appears unduly formidable to one who is beginning in the 
field of taxonomic research.’ This chapter proposes only to suggest some 
of the basic considerations preparatory to initiating the investigation on 
which it may be expected to base the monograph or revision, and to 
suggest steps to be followed, together with suggested sources of informa- 
tion.- 

It must be emphasized initially that research designed for ultimate 
publication as a revision, or as a monograph, demands a measured degree 
of competency. Competency is gained only by study, guidance, and ex- 
perience. All scientific research must be executed with the utmost care, 
and with an awareness of the responsibility assumed by the investigator 
to all who would place confidence in the results of that research. Integrity 
of effort is paramount in importance. Objectivity must prevail without 
bias. In the field of taxonomy, a monographer becomes a specialist of the 
components of chosen taxa, and his opinions and judgments are gen- 
erally respected, although not necessarily concurred with. Ordinarily, 
once a trained systematist begins monographic work, he selects as his sub- 
ject of special interest one or more taxa not already under active investi- 
gation. Likewise, other systematists select other taxa for their studies and 
each is left much to his own devices. Anyone versed in current 
taxonomic literature can name a score of workers, each of whom is known 
as a specialist in a particular taxon, and becomes known as an authority 
on the taxonomy of those taxa. The knowledge and experience gained 
from breadth and depth of study in the relatively restricted sphere that 
is the monographer’s cannot help but engender sound judgment of 

^ A discussion of what constitutes a monograph and a revision is provided in p. 
304 of this text Bibliographic citations of monographs and revisions arc provided in 
Part II of this work, where they terminate the treatment of each family. 

- Much valuable information, not included here, is to be found in Chapter X of 
Hitchcock’s Methods of descriptive systematic botany (1925). 
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components of one’s special interest. Each monographer usually becomes 
an authority on the systematics of particular taxa, for at least his own 
generation. There is attendant on this authority the added responsibility 
of knowing that published findings are likely to be accepted or unchal- 
lenged for a generation or more, and that periods of this length may 
elapse before the conclusions are subjected to serious study by another 
equally oi more competent person. The time to comprehend the signfi- 
cance of this responsibility, and to acquire by diligence the background 
necessary to assume it, is when one first contemplates initiating a research 
project that may result in a monograph or revision. 

There are at least two approaches to taxonomic problems. The conven- 
tional one is based on the study of the selected taxon as represented by 
herbarium material and on studies of the ranges of variations of the 
plants as they occur in the field under habitat and climatic conditions. 
To these observations is added knowledge gained from study of the 
pertinent writings of past and present workers in taxonomic fields and, 
more especially, in the related fields of morphology, anatomy, cytology, 
genetics, physiology, and ecology. A second approach is that utilized 
by the biosystematist, whereby the data concerning cytogenetical aspects, 
ecological factors, and the biological status of spcciation arc determined 
de novo and simultaneously with, and as a prerequisite to, studies of a 
morphological nature. No one can deny the advantages offered by the 
second approach, but associated with them are counterbalancing dis- 
advantages that cannot be ignored.**^ 

Procedures 

No one procedure for conducting a taxonomic investigation of a revi- 
sionary nature may be prescribed as being better than another, and no 
one procedure will fit all situations. The final course must be determined 
largely by the particular problem and situation. It will be influenced by 
the scope of the problem, the facilities available, and the extent of re- 
search published by predecessors and contemporaries. 

Scope of the problem selected will be governed largely by ( 1 ) the 
immediate need of the sought-for solutions, (2) maximum time avail- 
able for the completion of initial studies, and (3) availability of ma- 
terials, both plant and bibliographic, with which to work. It is assumed 
with reasonableness that one starting on a monographic or revisionary 
problem for the first time would not contemplate selection of a taxon 
larger than a genus (or a subdivision thereof). The size of the taxon 

•'* For discussion of these and related matters see Chapter VIII. 
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selected is of secondary importance in so far as its selection for funda- 
mental scientific research is concerned, and one cannot say with ob- 
jectivity that a genus acceptable for an assigned problem in taxonom:: 
research shall be composed of a stipulated number of species, for \vh ) 
can f(^rctcll how many species the forthcoming revision may acccpl? 
I or example, the genus of pussytoes or ladies' tobacco is Anicnnaria; by 
most botanists it has been considered to be composed in North America 
of several scores of species, yet a recent monographer might conclude it 
to be composed of fewer than a dozen species. It may be that the bio- 
systematic approach is better to determine the true situation. In large 
genera, the revision may be restricted to one or more subgenera or sec- 
tions. It is more satisfactory to limit the problem to a study of a small and 
presumed phyletic taxon occurring over much of a major physiographic 
province or subdivision, than to a major taxon occurring within a small 
politically bounded area. That is, a more satisfactory understanding of 
the relationships of the plants is to be expected if the study is one of a 
gjnus, subgenus, or section occurring in the Atlantic coastal plain (or 
subdivision thereof), than if the study is of a family as it may occur, 
for example, in a county of Ohio. The size of the taxon should be small 
enough to permit a thorough taxonomic investigation of its compo- 
nents. 

In determining a tentative scope for the problem, a preliminary survey 
should be made of: 

1 Pertinent existing research — how recent, by whom, on the basis of what kinds 
of data 

2. Opportunities for studying material at some of the larger heibaiia pnoi to 
making requests for loans of herbarium specimens. 

3. The number of binomials involved (not necessarily the niim’^er of species) - 
who published them and where, on the basis of collections by whom, what types 
arc available and where. 

4. bield study — extent now proposed, minimum time and travel considered indis- 
pensable 

5 Possibilities of collaboration with one or more other researchers for purposes 
of obtain ng supplementary data on members of the selected group as concerns 
their mo'phology, cytology, genetics, and ecology. 

Pteliminary investigations are necessary to learn (1 ) whether others 
are engaged in taxonomic study on the same problem, a point best dis- 
covered by inquiry of curators of the larger herbaria who are in close 
touch with studies being made of material in their collections; (2) of 
explorations by others in areas where the group is established, since by 
this means valuable new and often unidentified material may become 
available; and (3) of the taxonomic literature of the taxon. Guidance 
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in matters pertaining to the literature is often especially helpful to one 
commencing systematic studies. 

Before commencing revisionary work, one should be conversant with 
all of the floras, monographs, and revisions that have been published since 
1753 accounting for plants of the general area selected (obviously this 
requirement must be tempered if the revision is to be world-wide in 
scope). Some taxonomists have found it very helpful to copy the treat- 
ments on microfilm (35 mm) and blow up from them two copies of every 
page containing original descriptions (one to be cut up and filed alpha- 
betically for reference, the other available for phylctic shuffling). From 
these works one becomes familiar with the taxa recognized by earlier 
botanists. A second step is to learn of all the binomials that have been 
applied to members of the genus, restricting this when possible to plants 
of the area in question. This information is obtainable for American 
plants, with the least effort, from the Gray Herbarium Card Index.^ 
From this same source, one may learn of the infraspecific names that 
have been applied to American species of any genus of vascular plants. 
In the absence of availability of this card index, reference should be 
made to Index Kewensis and its Supplements (see p. 286 for descrip- 
tion and scope). The third step is to obtain, from the citation accom- 
panying the names in these indexes, the original description for each. 
These should be copied with meticulous accuracy, or reproduced photo- 
graphically, and be available for reference at all times during the course 
of the investigation. From the original description may be ascertained 
usually the locality of original collection (in species a century or more 
old this is usually disappointingly vague), the date of collection, and 
the name of the collector (often indicated as the collector of the specimen 
on which the name was based, and in cases of early works not indicated 
at all). The locating of many type specimens calls for considerable 
search, and for some early collectors and botanists no collections are 
extant. 

In addition to these several types of literature, one should study, in 
advance of extended field explorations, the pertinent literature dealing 
with the physiography, geology, and ecology of the region over which 
the plants of the study occur. Likewise, valuable information is to be had 
from phytogeographic treatments of these and other plants in this area. 
An initial source for locating this literature is the current abstracting and 

^ For a discussion of this work, its character, scope, and of institutions in the U. S. 
possessing complete sets of it, see p. 287. 

"’For references to literature on locations of type collections, see p. 328. 
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review series, such as Biological abstracts (see p. 307). As the study 
progresses, there will be the need to know of morphological, cytological, 
and genetical studies that may have been made of these same taxa. 

It is well within the scope of preliminary investigations to examine and 
study the herbarium material available in the nearest large herbaria, with 
a view toward becoming familiar with the range of speciation within 
the selected taxon, the variation of taxa treated as species by other 
workers, and the making of preliminary tests of the constancy of char- 
acters employed extensively in manuals and earlier revisionary accounts. 
In addition to the suggestions indicated above, one should investigate 
the characters by which the taxon is conventionally distinguished from 
others of the same classification level. The validity of the bases for distinc- 
tion should be challenged and should be the subject of further investi- 
gation if found weak or wanting. 

In the course of these introductory reviews of literature and studies of 
material, one should acquire an understanding of the extent and general 
composition of the taxon as it occurs throughout its range (this may be 
world-wide or over only a single continent). It is not sutticient to know 
the plants of a taxon as they occur within one or more physiographic prov- 
inces, if this knowledge is gained to the exclusion of knowing of other 
elements elsewhere in the range of the group. Too often, revisions have 
been made of taxa as they occur, for example, in eastern North America, 
without due consideration and study of their relatives in other boreal 
areas of the world.^‘ Revisionary studies must take into consideration the 
piesent distributions in the light of the geological and palcobotanica) 
record. This requires an investigation of possible migrations, determina- 
tions of areas of origin for components of the group, and the presumed 
origin of the group itself. Investigations of this nature often are clarified 
by the results of pollen studies of lesser taxa within the group (Erdtman, 
1943 et seq.), and from an examination of such reliable cytological 
analyses and genetical data as may be available. It is necessary to inte- 
grate taxonomic findings, in so far as possible, with those resulting from 
studies of the same or closely related elements via the approaches of 
morphology, anatomy, cytogenetics, paleobotany, and related fields. In 
the synthesis of these data, the taxonomist should be prepared to point 
out and defend incompatibilities. 

Preliminary studies make possible the determination of whether or not 

For lefercnccs to excellent background mateiial on the subject of interrelationships 
of boreal floras, see those papers by Feinald, Gray, Hulten, and Wulff, cited in the 
bibliography to Chaptei Vll. 
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real problems, in a taxonomic sense, are present. The nature of the prob- 
lems may be represented by polymorphism, presumed or demonstrated 
hybridity, apomixis, speciation, sectional or subgeneric delimitations, 
geographic races or variants, or the discernment of previously unob- 
served or untested criteria for delimiting species or infraspecific elements. 

Field studies are desirable for an understanding of the relationships of 
any group of plants, and should preface and accompany the herbarium 
and bibliographic phases of the study. When it is not possible to study 
the plants in the field, effort should be made to grow and study as many 
kinds as possible in one or more test gardens, obtaining seeds and plants 
for such purpose from indigenous sources in so far as possible. 

Studies made in the field should cover both the season of flowering 
and of fruiting, and collections should be made of material in all stages 
of development. In planning field studies, it is necessary to know of the 
available maps of the area,' both for use in plotting distributions and in 
planning itineraries. During the period in the field, efforts should be made 
to relocate type localities, in so far as possible, and to endeavor to locate 
original stations. There is value in collections from type localities, not 
only because they may comprise topotypes (whether thety do or not de- 
pends on the accuracy with which the station is relocated) but also be- 
cause by careful radiating search from the area of the nomenclalural 
type, the fringes and centers of distribution of plants identifiable with that 
type may be determined. The possession of soil and geologic maps when 
in the field often provides immediate explanations for obvious breaks and 
limits in distribution, or may make it possible to predict distributional 
limits more accurately. Notes should be made of precise locations of 
collections and of habitat types and of soil characteristics not evident 
from the soil maps. Topographic maps arc available for most areas of this 
country, but for areas not treated by them it is desirable to record alti- 
tudes of stations. 

Airplane reconnaissance photographs, available for much of the area 
of the United States, of Canada, and for an appreciable belt of Mexico, 
are of limited value to taxonomic field studies since it is difficult to 
determine variations in altitude from them and generally only the eco- 
logical aspects of the flora are readily discernible. They do have value 
when they are of areas of difficult accessibility or remoteness from high- 
ways, since they often reveal foot and truck trails, and isolated areas of 
aquatic and semiaquatic habitats are generally apparent (see p. 325 for 
sources). 

See the section on maps in Chapter XIV. 
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Opportunity should be taken while in the field to make detailed studies 
of characters often lost in the dried specimen. Such characters include: 

Coloration of foliage and floral parts, especially glaucescence, corolla vernation, 
corolla color changes associated with flower development, anther color before and 
after dehiscence, gynoecial coloration. 

Viscidity of parts, especially nectariferous organs. 

Pollinating agencies and vectors, and time of day of pollination. 

Rootstock characters (too often overlooked). 

Texture of foliage and perianth parts. 

Color and character of freshly matured fruits. 

A primary function of field study is the determination of natural varia- 
tion within and between populations. Field collecting involves not merely 
an alertness for the unusual (this type of material is represented already 
in undue abundance in herbaria, and is mistaken too often by the un- 
initiated as representative), but rather an effort to have the specimens 
represent a range of the natural variations without an undue emphasis 
on any one phase. In making field collections, one should assign a 
different collection number to specimens from different colonies within 
the same general area. Abundance of material pCi mining, it is well to 
prepare 4 or 5 sets of duplicate collections to be distributed, on com- 
pletion of the study, to important herbaria. 

Mass collections is the term given to the technique whereby specimens 
are made from many individuals of a scries of interbreeding colonies of 
a species. These collections, when properly made, provide “a record of 
a population as well as of the individuals which make up that population 
a id . . . give the facts about variation which can be obtained from 
populations but not from individuals.” (Anderson, 1941, p. 287.) Mass 
collections, in some cases, may provide a means of determining relation- 
ships with greater accuracy, especially as concerns the elements below 
the level of a species and the groups to which they belong. They have 
been found to be helpful in determining whether a variation is one asso- 
ciated with or restricted to colonies, to habitats, or to regions. The knowl- 
edge of these correlations is particularly pertinent to determining if a 
population represents a subspecies, variety, or forma. 

In making mass collections, attention should be given to two considera- 
tions: the part of a plant to collect, and the selection of a random sample 
of the population. Taxonomic experience in the selected genus usually 
will provide the answer to the first consideration, and one will select 
for collection those parts that are significant for their characters. As An- 
derson has indicated (pp. 289-290), individual judgment must be relied 
on in the determination of what constitutes a random sample. When the 
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subject is a small plant, the entire plant is collected. If the subject is large, 
the collection may be only of an inflorescence, a leaf, or fruits, or other 
critical portions. Thirty to 50 samples should be made of a population, 
and these, when properly selected, constitute the material for study and 
permanent herbarium record from which 3 different kinds of information 
may be obtained: ^ ( 1 ) frequency of variation; (2) discontinuity of varia- 
tion; (3) correlation between variables. 

The preparation and study of mass collections is particularly pertinent 
to problems associated with revisionary studies (cf. use by Erickson, 
Schery, Cutler, Fassett), but is equally valuable for floristic investiga- 
tions. The material is easily incorporated with other conventional 
herbarium specimens and is not as space-consuming as might be antici- 
pated. It is the practice of some taxonomists to keep the mass collections 
of any one population within a single genus cover, and the data accounted 
for by a single label affixed to the cover. 

Herbarium studies are usually conducted concurrently with field work 
or, in many instances, during seasons when field work is unproductive. 
Opinions on approaches to the problem are numerous and diverse; those 
given below merely suggest those satisfactory to some workers. 

After one has acquired some field experience, and has benefited from 
the study of one or two ample herbarium collections, knowledge of the 
group may be sufficiently adequate for a study of a large series of 
herbarium material. For this purpose, material is obtained on loan from 
herbaria rich in representatives of the genus for the area in question. 
In borrowing material from another herbarium, it must be remembered 
that the material is irreplaceable, and that a responsibility is assumed 
on accepting it for study. This responsibility is threefold: (1) to the 
institution making the loan possible; (2) to the institution to which the 
loan was made (loans are effected generally between institutions rather 
than from an institution to an individual); and (3) to the tyro who is in 
no position to acquire an unsavory reputation on the occasion of the 
first loans made for his use. On receipt of loaned material, a careful 
count should be made of the number of sheets before returning the 
receipt that usually accompanies the specimens. It is a practice of many 
taxonomists to place a lightly penciled code letter on a corner of every 
sheet (identifying that sheet with its institutional source) and to ac- 
company the letter with a serial number assigned in sequence, one for 
each sheet. This permits, on completion of study of borrowed material, 
a quick and accurate sorting of the sheets received, and enables one to 

” For details of analysis of these data, see Anderson (1941 and 1943). 
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reassemble them in the same order in which they arrived. At the time 
of reassembly, the penciled code letter and number should be erased very 
lightly without defacement of the sheet. 

Borrowed and local material is usually sorted into folders of kinds, 
preparatory to any detailed study of each sheet, and the labeled folders 
are filed systematically. When not in actual use they should be kept in a 
case safe from mechanical injury or the incursion of insects. In working 
over large assembled collections for the first time, and preparatory to 
initial sortings into folders of presumed like kinds, some workers find 
that greater objectivity is effected if labels on the sheets have been covered 
by clipped slips of paper, since by this means one is freed from the 
tendency to be influenced by opinions of others. 

As a result of the extensive reading that will have been done, and by 
virtue of knowledge gained from both the field experience and the pre- 
liminary herbarium studies, one will have views on apparent or presumed 
relationships, similarities, and dissimilarities evident in the assemblage 
of herbarium specimens. This is the time to test these views. If all precon- 
ceived views measure up to the facts, it is possible that the methods 
used may lack in objectivity. Presumably problems of identification will 
arise. They may involve selection or the determination of characters 
(here the analysis of earlier-prepared mass collections should be of help) ; 
they may involve irregular distributional patterns; and there may be 
problems of presumed hybridity, or of a correlation of overlapping of 
characters with similar overlapping of distributions, the problems then 
being to determine whether the overlapping of characters is due primarily 
to a lack of a dispersal barrier or to a lack of a genetic barrier. After 
the plants have been identified, there remains the question of determining 
the categories to which they belong and an evaluation of the criteria by 
'vhich these categories shall be delimited. Subsequent to this, there is 
the matter of devising one or more keys adequate to separate on mor- 
phological characters each of the recognized taxa, irrespective of the 
categories in which they are placed. These keys should be subjected to 
the test of satisfactory use by taxonomists other than the originator, and 
preferably by means of specimens whose labels are covered at the time 
of the testing.’’ In groups where fruit characters are equally as important 
as flower characters, the effort should be made to have a key based on 
fruits and another based primarily or exclusively (conditions permitting) 
on flowering and vegetative structures. 

Resolution of these problems brings one to the point of investigating 

® See Chapter X, for keys and their preparation (pp. 225 228). 
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the nomcnclatural situations of each element to be given a name. This 
presupposes a thorough understanding of the principal features of the 
current edition of the Rules of Nomenclature and is not a subject for 
discussion at this point. Once the plants have been identified, the cate- 
gories in which they are to be placed determined, and names for each 
taxon decided upon, there is the task of preparing adequate and uniform 
descriptions of each nomcnclatural taxon. Descriptions must be pre- 
pared with care; data should be obtained of the detailed characteristics 
of the type specimen of each element, and all measurements must be 
made with precision, with enough specimens involved to insure complete 
ranges of dimensional variations of all structures. 

The remaining task, after nomcnclatural and taxonomic problems have 
been treated, is annotation of all specimens assembled for the study and 
recording each specimen so annotated. Annotation slips are most con- 
venient for this purpose. Each should bear the full name and author 
citation for the plant, the name (not merely initials) of the person 
responsible for the annotation, and the date. The record of every 
sheet so annotated should include (so far as the data are available): 
name of the collector, collection number (when missing, the accession 
number may be substituted, provided that’ notation is made to this effect), 
place of collection (state or province, county, town), habitat, date of 
collection, and herbarium source or sources of the particular specimen 
(see p. 274 for reference to standard abbreviations of world herbaria). 
Some of these data will be needed for inclusion in the manuscript of the 
projected revision or monograph. 

In preparing the accumulated data for presentation, it is usually de- 
sirable to incorporate some of them in an illustrative form, making use of 
the more graphic formats that serve as visual aids. These may be in 
the form of ( 1 ) charts or graphs designed to show trends of variations 
or ratios of constancy between structures or organs, (2) illustrations of 
organs, floral dissections, type specimens or portions thereof, and espe- 
cially illustrations of new species or other elements, and (3) maps of 
geographic distributions based on the material included in the study. 
Examples of the use of graphs and charts are illustrated in the works of 
Anderson (1936) and Epling (1942, 1944). Illustrations of the technical 
features may be represented by photographic reproduction, or by means 
of pen-and-ink drawings. Supporters of the use of photographs of tech- 
nical structures contend that the medium presents the situation without 
possibility of interpretation by the artist, whereas those preferring the 
pen-and-ink drawings point out that in the photographic rendition the 
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latures of particular structures often are obscured by less relevant 
spects — as vesture or overlapping parts, features readily de-cmphasized 
1 the line drawing. There is little question but that a well and accurately 
Kecuted drawing is superior to and more satisfactory than the best photo- 
raphic reproduction. Maps prepared to show distributions of elements 
re usually based on one or more types of the standard outline maps as 
iscussed on p. 323 of Chapter XIV. 

In all except the most condensed revisions, it is customary to include 
ith the treatment of each species or infraspecific unit, a listing of the 
erbarium specimens examined by the author and identified as that 
ixon. Familiarity with the current literature will provide abundant ex- 
mples of the many methods of citing these specimens (sometimes 
^stricted to citation of specimens of large exsiccatae or to types), and 
le selection of a particular format will be conditioned to a large degree 
y the publication space available to the author. Irrespective of the 
)rmat, it is the practice to indicate the name of the herbarium where 
ach specimen is known to be deposited by a standard abbreviation, 
hese abbreviations, selected and compiled by Lanjouw (1939, 1941), 
ave been adopted internationally and should be followed by students 
squiring them. 

With these data, the investigator may be ready to assemble the results 
ito final form for publication.’^ The details to be incorporated, format 
) be used, and general editorial style to be followed will be subject to the 
olicies of the particular serial or journal to whose editor one expects to 
abmit the finished paper for publication. The best procedure is to 
bseivc papers of similar character in that journal. A few references are 
icluded among those cited below to serve as sources of generally ac- 
3pted guidance in the preparation of scientific papers. 

LITERATURE: 

NDERSON, E. The species problem in Iris. Ann. Mo. Bot. Card. 23: 457-509, 
1936. IwSee especially. Figs. 5, 6, 8-14.1 

. The technique and use of mass collections in plant taxonomy. Ann. Mo 

Bot. Card. 28: 287-292, 1941. 

NDhRSON, E. and Furrill, W. B. Biometrical studies on herbarium material. 
Nature, 136: 986-987, 1935. 

LAKE, S. F. and Atwood, A. C. Geographical guide to the floras of the world. An 
annotated list with special reference to useful plants and common names. Part 
1, U. S. Dept, of Agr., Misc. Publ. 401. Washington, D. C., 1942. 

UTLER, H. C. Monograph of the North American species of the genus Ephedra. 
Ann. Mo. Bot. Card. 26: 373-427, 1939. 

Additional and valuable suggestions by Blake and Atwood (1942, pp. 8 9) should 
; consulted during the course of preparation of any revisionary or monographic 
eatment. 
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Lpling, C. The American species of Scutellaria. Univ. Calif. Publ. Bot. 20: 1-146, 
1942. I See especially Figs. 3, 4, 7, 8.1 
. I he living mosaic. 26 pp. Berkeley, Calif., 1944. 

Erickson, R. O. Mass collections: Camassia siilloules. Ann. Mo. Bot. Card. 29: 
293-298, 1941. 

Fasslii, N. C. Mass collections: Ruhus odoratus and Riihiis parviflonis. Ann. Mo. 
Bot. Card. 28: 292 374, 1941. 

HirrucocK, A. S. Methods of descriptive systematic botany. New York, 1925 
Joughin, G. L. Basic reference forms. A guide to established practice in bibliogra- 
phy, quotation, footnotes, and thesis format. New York, 1941. 

Lanjouw, .1. On the standardization of herbarium abbreviations. Chron. Bot. 5: 
142-150, 1939; 6: 377-378, 1941. 

SCHLRY, R. W. Monograph of Malvavisciis Ann. Mo. Bot. Card. 29: 183-244, 
19^2. 

TriiLLasp, S. F. The scientific paper, how to prepare it, how to write it. cd. 4. 
Baltimore, 1947. 

UNiVERsriY OF Chicago Press. A manual of stvle. ed. 11. New York, 1949. 
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FLORISTICS 


Types of floristic study 

Floristic studies are taxonomic studies of a flora, or of a major seg- 
ment of a flora, of a given area. They may range in extent from a 
compiled check list of vascular plants of a small politically bounded area 
to a thorough taxonomic or biosystematic analysis of the components 
of the vascular flora of a continent. Because of this wide scope, the 
subject of floristic study appeals to the interests cf both the amateur 
and the professional botanist. It is a field of interest in which the amateur 
botanist has taken an active and contributory part. The amateur botanist 
should be encouraged to continue to investigate such problems, for they 
provide an avocation that can produce important contributions to the 
knowledge of any major flora. Among professional botanists, there are 
many who have not the time, facilities, or interest required for revisionary 
studies, but do find that study of the flora of a particular area pro- 
vides an opportunity for welcomed field activity and the knowledge that 
valuable data are being recorded. From this it is clear that here is a type 
of botanical activity that may be conducted for scientific gain which can 
be limited in scope to meet the potentials and the needs of any serious- 
minded investigator. 

As is pointed out in Chapter XIV, there is a distinction between a flora 
of an area or region and a manual of the same region. A flora is an 
inventory of the plants of a definite area. This inventory is usually 
authenticated by citations of herbarium specimens and of localities or 
stations where each element is known to have occurred. It is customary 
to arrange the plants treated in a flora according to a recognized system 
of classification. A manual is a book that provides means of identifying 
and naming a plant. In addition to providing the data included in a flora, 
it always includes keys to plants of the rank of species and above and 
descriptions of all taxa that are recognized nomenclaturally. 
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Compilatory lists are of two types: those based on existing accounts 
collated from the literature, and those based on herbarium specimens but 
without the latter being subjected to critical study by the compiler of the 
list; a third type is that represented by a combination of the other two. 
They serve the purpose of meeting an interim need, or of accounting for 
the plants of an area until a more authentic list or flora has been pro- 
ducted. A compilatory flora can be of aid to anyone in an area not repre- 
sented already by a modern manual or an adequate flora; it serves also as 
an index, or check list, to one collecting material for herbarium specimens 
designed to be representative of the flora of an area, or to one endeavor- 
ing to know the approximate composition of a flora. A flora of this char- 
acter is primitive as compared with other types, and when completed it 
adds no more to the scientific understanding of the plants of the area 
than was known previously; admittedly it is only a compilation of exist- 
ing data from many sources. On the other hand, if the compilation has 
been thorough, this primitive flora may be a more accurate compendium 
of the scientific knowledge of the plants of the area than is available 
from any but the most recent and most critical manual of the region. 

In the preparation of a list based on both the literature and on herb- 
arium specimens, the following outline may provide suggestions for 
procedure. 

1. Prepare a preliminary list from the latest manual of the region. Restrict the list 

to those taxa ascertainable from the manual to be indigenous to the area 

selected. 

2. Survey the literature covering the period since the manual of the region was 

published for reports concerning: 

a. New range extensions into or through the area 

b. New stations for plants within the area 

c. New taxa (e.g., new species or less than specific entities) described for the 
first time and from localities within the area 

d. Nomenclatural changes affecting plants of the area 

e. Taxonomic status of plants within the area 

For each of the above items, one should consult existing works of 
floristic, revisionary, and monographic character. Much supplementary 
material may be had from these sources to be incorporated into the initial 
preliminary list prepared from the older manual. The material should be 
arranged systematically, at least by families. The next step will be to 
compare the information in the list with specimens of the plants con- 
cerned. In doing this one should be alert: (1) to list all locations of sta- 
tions within the area where each nomenclatural element has been col- 
lected, with a record of the name of the collector and date (collector’s 
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names may be abbreviated); (2) to note, in leafing through folders, if 
there are other nomenclatural elements present among the collections 
that are not noted in the prepared list (new stations are often dis- 
covered in this way). 

If a compilatory list is to be published, its character should be indi- 
cated clearly. This may be accomplished by the title or subtitle (e.g., “A 
preliminary study of the flora . . or “A tentative accounting of the 
flora of . . .” or by means of an adequate subtitle as, “A flora of . . ., 
based on a compilation of existing records'’). Some botanists are of the 
opinion that compilatory lists should not be published, but rather that 
they should function as the basis of a more thorough study that ulti- 
mately will result in an original work of considerable reliability. 

Field study of a particular area is the basic approach to a thorough 
inventory of the plants involved. The determination of the size of the 
area is subject to many of the factors considered in Chapter XII, except 
that in floristic Investigations custom has sanctioned the prevalent prac- 
tice of coinciding the limits of the study with those of political boundaries. 
Some of the better and recent floras (Deam, 1940; Hanes, 1947; Dole, 
1937) are restricted solely to political areas without regard for physio- 
graphic provinces or their subdivisions; others (Jones, 1945; Reeves and 
Bain, 1946) designed to meet teaching needs ignore either political or 
physiographic areas; and those of a third group (Jones, 1936; Stone, 
1910) account only for the plants of or within physiographic or hydro- 
graphic regions. Greater unity and stronger interrelationships are present 
among the plants of a flora based on a physiographic area than among 
those based on other types. On the other hand, practical considerations 
may dictate that the boundaries of a projected flora coincide with county 
or state lines. It is sometimes desirable to prepare a flora of an area 
within a physiographic and/or hydrographic region, and for this purpose 
the square degree may be more acceptable than a politically bounded 
unit (cf. Grassl, 1936). A square degree is an approximate rectangle 
bounded by one degree of latitude and one degree of longitude. Such an 
area is especially satisfactory when the focal point or geographic center 
of the flora coincides with the center of the rectangle. 

Floras based on field studies are significant contributions, and users of 
them know that the author of the flora knew the plants involved as living 
organisms and as subjects whose forms represented responses to a multi- 
tude of factors, and that he did not treat them as piles of dried specimens 
drawn from pigeonholes, reshuffled, reannotated, and returned. Every 
floristic study based on field observations deserves to be given careful 
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and painstaking attention. The suggestions that follow are provided as 
guides to indicate some of the more significant phases to be investigated.^ 

Procedures 

Field collections are the core of any modern floristic study. Once the 
limits of the selected area have been established, the primary phase of 
the study is to become thoroughly familiar with the plants of that area. 
The best evidence of knowledge of the plants of an area is the collection 
of specimens that have been prepared of them. As much time as possible 
should be spent in the field, and collections of the plants should be made 
during all weeks of the growing season in order that material will be had, 
in fruit as well as in flower, of every taxon believed to be a part of the 
flora. It is not unusual for several years to elapse during the course of 
these field studies. In temperate regions it is important that the region be 
visited during the winter season and notes made of floristic features per- 
taining to the persistence of leaves and of fruits, the significant bud 
characters that may be of value in identification procedures, and likewise 
provide the opportunity to observe late-blooming and very early- 
blooming elements as well as sporadic out-of-scason blooming during 
occasional cycles of unseasonal activity. Possession and subsequent incor- 
poration of these diverse data add to the thoroughness of the study. In 
making collections, particularly if the area is one whose plants are not 
well represented in herbaria, one should always prepare several sets — 
unless in particular cases the material is of rarity, for in no case should 
zest for specimens eradicate a station — for distribution to interested 
botanists or institutions. Particular care must be taken to insure that all 
parts of the area are visited and that the collections arc representative of 
all habitat types. 

In preparing herbarium specimens, close attention should be given to 
recording all necessary and pertinent data concerning characters of the 
specimen that may not be apparent after drying.- There are two ways of 
identifying the specimen with the field notes. One is to affix a consecu- 
tively numbered small tag to each specimen as it is collected and to 
assign the same number to notations made at the time of collection. 
The second is to press the specimen as it is collected and write the 
number and data on the sheet in which it is pressed, transferring the 

^ See Blake and Atwood, pp. 7 8, for other suggestions to be considered in the 
preparation of any flora. Many of those suggestions may seem to be elemental, but they 
were mentioned because of omission from many existing floras. The more significant of 
them are quoted in Chapter XIV (pp. 288-303) of this text. 

2 See Chapter XII, p. 269, for a listing of some of the characters to be noted. 
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data to the notebook later. The disadvantage of the first system is that if 
the notebook is lo^t the unlabeled collections may be worthless; the 
disadvantage of the second system is that it presupposes immediate 
pressing in the field and involves making the notations twice. Observa- 
tions of other features than those of the reproductive structures, should 
be noted, particularly of the following. 

Texture: if herbaceous, indicate duration: annual, biennial, perennial. 

Habit of plant: erect, prostrate, decumbent, twining, etc. 

Sizes of plants (when larger than can be accommodated in toto on the herbarium 
sheet). Use metric system for sizes, and when of trees give diameter in centimeters 
or decimeters at breast height (abbreviated d.b.h.): figures given should be of the 
particular tree from which the specimen was taken. 

Fragrance or other odors: of flowers, fruits, crushed herbage. 

Pollinating agents: diptera, hymenoptera, lepidoptera, carrion beetles, etc. 

Station location. Keep accurate record of place where each specimen was col 
lected. 

Frequency. Arrive, at the start of the study, on concepts of classifying ficqucncy 
on basis of abundant, common, frequent, infrequent, rare, very rare, etc. 

Habitat type: acid bog, hccch-hemlock foicst, salt marsh, etc. 

Other plants of the association. Name a few genera 

Soil tvpe (est-mated) in which the plant grows: sandy lo'm, podsol, etc. 

Soil ^H, readily deteimmaHe by s mple field techniques. 

Fxposurc to sun: full, partial, or in moderate or dense shade. 

Direction of habitat exposure: north slope, etc. 

Elevation, determined fiom topograph c map when available. 

Vernacular names. Inquire of s .me from local residents of long standing, even 
though you may know one or more accepted vernacular names for the element. 

In the accumulation of data, it is often helpful to devise a form for use 
in organizing information from notes of various collections. The data 
compiled on any one form should be accompanied by the number or 
numbers of the collections from which they were taken. 

Most published floras include only the names of plants known to be 
native and cite for them those localities or stations where they arc 
indigenous. The determination of whether a plant is indigenous or not 
is not always simple. Categories accepted by many authors to account 
for the various degrees of establishment of nonindigenous plants include: 

Naturalized: a plant fully established, reproducing, migrating, and expanding in 
us area of occurrence. 

Introduced: a plant brought in deliberately by man and growing in the area with- 
out cultivation (true of many weeds). 

Adventive: a plant that enters the area by any means (particularly natural dis- 
.semination or inadvertent dissemination by man) and grows but is unable to meet 
competition by continued natural reproduction. 

Suspicion should be laised against new stations of exotics (indigens of 
other regions) situated near places of habitation, cemeteries, dumps, rail- 
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road yards, or highways of urban localities. Such plants may be adventivc 
or introduced, and in time some may become naturalized. If plants be- 
longing to any of these categories are included in a published flora, their 
nativity status and degree of influence in the floristic picture should be 
indicated clearly. 

Floristic studies usually require several seasons of investigation in the 
field, and during this period the number of collections may reach several 
thousands and occupy considerable space. For this reason the specimens 
should be sorted by collection number, or phyletically according to an 
accepted classification, and stored in containers or cases.-* One of the 
first steps, after the plants have been brought in from field activities, is to 
prepare labels for each collection number. Every specimen must have a 
label, and all labels for a given collection number should be replicates 
of one another (see pp. 246-248 for information on labels and their 
preparation ) . 

Identification of specimens is accomplished either by working out the 
identities by the usual taxonomic procedures or by arranging to send 
sets of selected unknowns to specialists who agree to report on their 
determinations in return for having the specimens sent them. Ordinarily 
both procedures are followed, the investigator completing as many of 
the determinations as possible and soliciting the aid of specialists (mo- 
nographers of particular groups) for the remainder. 

Suggested approaches to problems of plant identification are given in 
Chapter X, and arc pertinent to the problems of determining material 
collected during the progress of a floristic study. Unless the plants of 
the selected area arc initially completely foreign to the investigator, it is 
probable that an appreciable number arc identifiable as to family status 
on sight with a small number recognizable as to genus, and some of the 
collections as to probable specific indentity. Any of these spot determina- 
tions should be treated as tentative until verified. Material not known is 
worked out to family status by following the treatment in available 
manuals or such comprehensive works as Englcr and Prantl, or Bentham 
and Hooker. Knowing the family, one may usually ascertain the genus 
by use of the same references, or by monographic works treating those 
families. Every effort should be made to consult the latest literature 
pertaining to each group. In instances of conflicting taxonomic views, it 

Chaptei XL pp. 248 253, for instructions for control of insects while in storage. 
Freshly collected material must be cared for in this regard, especially if it is to be stored 
for several months or more. 
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will be necessary to review the evidence and arrive at one’s own opinions. 
In the final manuscript of the flora, one should explain taxonomic or 
nomenclatural departures from the views of specialists. 

Herbarium studies may be integrated with the preliminary determina- 
tion of the field collections, particularly if the investigator is afliliated 
with or situated near one of the larger herbaria. There arc at least 3 
phases of herbarium study involved in the preparation of a flora. They 
arc f 1 ) verification of preliminary determinations made of the field col- 
lections, (2) determination of the collection records of plants of the 
area as evidenced by material already in the herbarium, and (3 ) examina- 
tion of authentic material for the verification of names applicable to the 
collections involved. These procedures arc explained in Chapter XII. 

Examination of types, isotypes, or other acceptably authentic material 
is an essential part of any reliable floristic study. In each instance, nota- 
tion should be made of whether or not the type has been seen, for much 
more confidence may be placed in a determination arrived at by com- 
parison with type material than in one not so authenticated. The location 
of type specimens is often a problem of major pr )portions.^ In those 
cases where the type collections are in foreign herbaria, it occasionally 
happens that photographs of them arc available in one or another of the 
American herbaria. 

Existing literature constitutes a third channel of investigation in any 
floristic study. The literature to be studied usually is scattered, and there 
is no single index to it, although use of the references suggested on pp. 
305-308 should be helpful in this regard. 

The first step in the investigation of the literature is to learn of the 
floristic studies made of the area by previous investigators. This may be 
in the form of direct evidence, as manuals of the region or more especially 
earlier floras. Each of these previous reports must be analyzed critically. 
All statements of previous records must be held in a tentative status 
until each has been challenged and verified. The verification is made by 
examination of the herbarium specimen on which the earlier record was 
based. It occasionally happens that there is no specimen extant to sub- 
scantiate the earlier report. If the current field studies fail to verify the 
alleged existence of the element, the name should be included in the new 
flora only if a definite indicator (as an asterisk) precedes the name. By 
this means it is marked as an unverified inclusion, and an explanatory 

^ See Chapter XIV, pp. 328 329, for references to literature pertaining to the locations 
of type collections. 
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note should accompany the entry. Published reports in the literature of 
occurrence must be substantiated by herbarium specimens or else be 
viewed with extreme scepticism. The same critical view should be taken 
of all reports of range extension into the area and of new taxa described 
from collections from within the area. In other words, the investigator 
should account only for those plants of which he has examined specimens 
known to have been collected within the area. The integrity of the flora 
rests to a large extent on the adoption of this view, and inclusion of un~ 
veritiable entries serves to lessen the value of any floristic work. 

Mention has been made above of the use of existing monographs and 
revisions. These usually serve two primary purposes: ( 1 ) when compe- 
tently prepared, they represent (as of their publication date) the best 
source for taxonomic and nomenclatural data of the group and in general 
merit greater confidence than the more compilatory manuals; (2 ) modern 
monographic works invariably provide citations of specimens examined, 
and the investigator of a floristic work will profit from a study of these, 
selecting all that are of collections made from within his area. Not only 
do these collections provide specific examples, but duplicates of the 
specimens seen by the monographer often arc available to the investigator 
and serve as reasonable counterparts for purposes of identification. 

In the preparation of any flora, there is a need for study of other 
floristic works that were concerned with the floristics of adjoining areas, 
or areas from within the same physiographic province. These floristic 
works may be in the format of a flora, or may comprise less formal 
papers that deal with taxonomic or distributional problems of plants 
within the region. Much valuable material, and considered opinions of 
taxonomic scholars, arc too often buried in these more general articles. 
For them, the investigator should scan the pages of those botanical 
serials known to include taxonomic papers of a particular area (as 
Madrofio, Rhodora, Castanea, American Midland Naturalist, Wtightia, 
Bulletin of the Torrey Botanical Club, etc. ) . 

There are other sources to be investigated in searching for literature 
pertinent to the study. Prominent among them are the several indexes 
to taxonomic literature. One of the best indexes for nomenclatural data 
is the Gray Herbarium Card Index (see p. 287) which, while restricted 
to plants of North and South America, is the only index to names and 
synonymies of plants in categories below the rank of species. The Torrey 
Club Card Index is invaluable as an author index to all botanical litera- 
ture, and is available at large botanical libraries. During the last half 
century more literature concerning the taxonomy of the plants of 
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northeastern North America has appeared in the pages of Rhodora than 
in any other comparable serial. For this reason, the 50-year index to 
this work (now in preparation) will be of considerable help to students of 
the flora of this region. 

LITERATURE: 

Fogg, J. M. Jr. Some methods applied to a state flora survey. Contr. Gray Herb. 
J65: 121-132, 1947. 

Hitchcock, A. S. Methods of descriptive taxonomy. New York, 1925. [Chapters 
VII, XVIII.] 
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Taxonomy is fundamentally a descriptive and highly documented 
science For this reason its literature is voluminous and constitutes so 
vital a part of its structure that, irrespective of whether the problem is 
one of identification of an unknown plant, solution of a nomenclatural 
puzzle, or a monographic or floristic study, acquaintanceship must be 
made with the more important publications of the subject. 

This chapter treats the more pertinent items of taxonomic literature 
exclusive of monographs and revisions, many of which are cited under 
the families described in Part II of this book. There is no complete 
nor even adequate bibliography dealing exclusively with taxonomic 
literature; such a work would occupy many volumes. This complete 
literature is to be found in volumes devoted to individual subjects, in 
pamphlets, and in articles published in periodicals. Because every nation 
has its taxonomists, speaking and writing in every modern language, the 
texts of these books and articles are in as many languages. This interna- 
tional character of taxonomic literature must be recognized, and while 
most of the entries selected for inclusion in the bibliographies that follow 
are in the English language, one must appreciate that some of the most 
important and valuable taxonomic publications are in other languages, 
and that linguistic limitations must not be a barrier to a knowledge of 
this literature. Many of the entries in the bibliographies listed below are 
annotated, so that anyone not thoroughly familiar with a particular work 
may learn something of its scope, utility, and significance. These entries 
are arranged according to the following classifications: 

General taxonomic indexes (p. 285) 

World floras and manuals 

North America and West Indies (p. 291) 

Mexico and Central America (p. 296) 

South America (p. 297) 

Europe (p. 298) 

Asia (p. 300) 
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Africa (p. 301) 

Australasia (p. 302) 

Monographs and revisions (p. 304) 

Bibliographies, catalogues, and review serials (p. 305) 

Periodicals 

New World (p. 310) 

Old World (p. 313) 

Cultivated plants (p. 316) 

Glossaries and dictionaries (p. 317) 

Cultivated and economic plants (p. 319) 

References to miscellaneous topics 
Maps and cartography (p. 323) 

Biographical references (p. 326) 

Dates of publication (p. 327) 

Locations of type specimens (p. 328) 

Directories and addresses (p. 329) 

Color charts (p. 329) 

Outstanding botanical libraries (p. 330) 

General taxonomic indexes 

The following are the important indexes to vascular plants. They 
are indexes of plant names and not to literature concerning the plants. 
Indexes serve as an aid to locating quickly the source of original 



33. Portion of page of Index Kewensis. By permission of the Clarendon Press, Oxford. 
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publication of a name, to learn if a particular name has been applied to 
a plant, or to what order, family, subfamily, or tribe, a plant of a given 
name may belong. One index is to the sources of illustrations of plants. 
These indexes are the nucleus of any significant taxonomic library, and 
it is incumbent on the student of taxonomy to know of their availability 
and importance. 

Index Kewensis plantarum phanerogamarum. 2 vols., 10 suppl. Oxford, 1893-1947. 

This work is the cornerstone to the literature on the systematics of flowering 
plants. The compilation of the original work was made possible by a gift of 
money from Charles Darwin. The Clarendon Press at Oxford undertook pub- 
lication in return for the copyright. It was compiled at the Royal Botanic 
Gardens by B. Daydon Jackson and his clerical assistants under the direction 
of J. D. Hooker. It was published in 1893-1895 in 2 volumes (sometimes 
bound in 4) followed by supplements regularly published at 5-year intervals. 
The original work consisted of an alphabetical enumeration of the genera of 
seed plants (gymnosperms and angiosperms) published from the time of Lin- 
naeus to the year 1885. Under each generic name was given, in alphabetical 
sequence, every species epithet known to have been published for a member 
of that genus; this was followed by the name of the author of the combina- 
tion, the place of publication of that name (often much condensed and abbre- 
viated), and an indication of the native country of the plant (Fig. 33). The 
date of publication was not given. Species epithets treated by the editorial staff 
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Fig. 34. Portion of page of Index Londinensis. By permission of the Clarendon Press, 
Oxford. 
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as synonyms of presumed valid names were set in italics, followed by the pre- 
sumed valid name of the species concerned. Many illegitimate names were 
included, but without indication of their illegitimacy. Supplements have been 
published up to 1940, and in the later issues changes of editorial policy have 
resulted in the date of publication having been indicated, double author cita- 
tion employed, and the practice of indicating synonomy discontinued. Entries 
in later supplements usually have indicated if the name is that of a new species 
or a transfer from an existing name, and if the binomial is illegitimate. Index 
Kewensis is the reference employed to determine the source of the original 
publication of a generic name or binomial of a seed plant. It does not account 
for names of ferns nor of any plants in divisions subordinate to the spermato- 
phyles, nor for names of plants as placed in categories below that of species. 
For a short history of its compilation see Journ. Roy. Hort. Soc. 49: 224-229, 
1924. 

Index filicum. Hafniae [i.e., Copenhagen], 1906, with supplements to 1933 

This work is somewhat comparable to Index Kewensis in that it provides 
references to the sources of original publication of generic and specific names 
applied to the Filicineac (true ferns). It docs not include the so-called 
“fern allies.” The original work and supplements were edited by Carl Christen- 
sen. 

Gray herbarium card index. Cambridge, Mass. 

A card index issued quarterly to subscribers, accounting for all new names 
and new combinations applied in any category to the flowering plants and 
pteridophytes of the western hemisphere. In so far as cor :erns genei ic names 
and binomials, this index duplicates Index Ke\vcnsis\ but it is invaluable to 
students of New World plants since it accounts for Latin names given to vascu- 
lar plants since 1885, irrespective of the category and irrespective of whether 
published in a New World or Old World publication. Approximately 260,000 
cards have been issued to date.^ 

Genera siphonogamarum. Berlin, 1900-1907. 

This work, edited by C. G. Dalla Torre and H. Harms, accounts in one vol- 
ume for the names published for families and genera of spermatophytes. 
Orders and families are arranged essentially according to the F'nglcr system, 
a.id under each family name are given the names of subfamilies, tribes, etc., 
together with the names of genera assigned to each. Under each genus is indi- 
cated the number of species described in it. With the names in each category 
are given the appropriate author citation, source and date of publication, and 
synonyms. A 284-pagc index concludes the work, making it the more valuable 
as a ready reference from which to learn the family to which any generic 
name of a seed plant may belong. The names of genera are arranged system- 
atically and are numbered consecutively throughout the work from 1 (Cycu.v) 
to 9629 {Thamnoseris). These numbers are used by the curators of many 
herbaria as indexing guides for the insertion and locating of material arranged 
according to the Engler system. 

^ The following list of North American institutions has been provided by the Director 
of the Gray Herbarium (1949) as comprising those of this continent possessing com- 
plete sets of this index: Arnold Arboretum, Carnegie Museum (Pittsburgh), Central 
Experimental Farm (Ottawa), Chicago Museum of Natural History, Dudley Herbarium 
(Stanford), Gray Herbarium, Missouri Botanical Garden, Montreal Botanical Garden, 
New York Botanical Garden, Southern Methodist Univ., State Coll, of Washington 
(Pullman), U. S Dept. Agr. (Beltsville), U. S. National Herbarium (Washington), 
Univ. Calif. (Berkeley, Los Angeles), Univ. Illinois, Univ. Michigan, Univ. Minnesota, 
Univ. Oklahoma, Univ. Texas, Univ. Washington (Seattle), Univ. Wisconsin. 
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Index Londinensis to illustrations of flowering plants, ferns, and fern allies. Oxford, 
1920-1931, with one 2-volume supplement, 1941. 

A 6-volumt‘ work providing an alphabetical index, by genus and species, to 
the illustrations of flowering plants and ferns from 1753 to end of 1920 (the 
supplement covering the period 1921-1935). It accounts for illustrations of 
all I.atin-named plants in categories below the rank of species as well as those 
given binomials (Fig. 34). An illustration is listed under the name used in the 
particular work cited, and there is no assurance that the illustration is neces- 
sarily authentic as to name. The work was compiled at the Royal Botanic 
Gardens, Kew, by Otto Stapf and his clerical assistants under the auspices of 
the K(\val Horticultural Society of London. 

World fioran 

A flora is a work devoted to the plants of a particular region, and also 
usually is restricted to a major segment of the plant kingdom (as vascular 
plants, flowering plants, etc.). The more complete flora is one that 
accounts for all the vascular or seed plants. In any flora these plants are 
arranged according to one or another of the available systems (Engler, 
Bessey, Hutchinson, etc.), giving for each plant the complete scientific 
name, author citation, reference to source of original publication, 
synonomy, and geographic distribution within the area in question. There 
may or may not be keys to the entries treated, and descriptions of each 
kind of plant may or may not be included. In floras of relatively small 
and restricted areas the keys and descriptions are frequently omitted, the 
flora then serving more as an authenticated inventory of the plants within 
the area, rather than as a direct means of identification of those plants. 
'Fhe latter is more the function of a manual than of a flora. 

In the preparation of a flora, irrespective of the size of the area to be 
treated, the student is enjoined to take cognizance of the suggestions of 
Blake and Atwood (pp. 8-9) wherein it is recommended that 

. . . the essential features of even the barest list of plants include a title accurately 
describing its contents; the most definite possible statement of the geographical 
area covered . . .; and a statement of the material on which the list is based. . . 
Additional items that add greatly to the value of a flora include accounts of the 
topography, hydrography, climate, geology, and soils; botanical explorations and 
list of collectois . . .; list of herbaiia in which specimens are deposited; . . . ecol- 
ogy, phytogeography, life zones, endemic species; notes on native and cultivated 
useful plants; local veinaculai names; lists of doubtful and excluded species, . . 
a gazetteer of localities . . . supplemented, if possible, by a map; a list of botani- 
cal names first published in the work; and an index. 

Few floras include all these features, but it is clearly apparent that omis- 
sion of any not only detracts from completeness but lessens the scientific 
value of the contribution. 

There is no single world flora that accounts for every species, even of 
the spermatophytes, on the earth. The herbarium material on which to 
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base such a flora does not exist. The so-called world floras (e.g., Bentham 
and Hooker's Genera plantarum, Engler and Prantl's Die natiirlichen 
Pftanzetxfamilien), for the most part, do not treat units below the category 
of genus, and some of them (Hutchinson's Families of fioweririi* plants, 
vol. 1 ) do not account for units below the category of family. 

In addition to the works cited below there are the much earlier works 
of Linnaeus, Lindley, and de Candolle that, to anyone but the taxonomist 
engaged in research, are now more of classical than of practical interest. 


Baillon, H. Histoire des plantes. 13 vols. Pans, 1867-1895 

A comprehensive work treating all families and genera of vascular plants. 
Copiously illustrated with figures of pertinent reproductive structures. No keys 
provided. Extensive bibliographic references in footnotes. Text in French. 

Baillon, H. The natural history of plants. 8 vols l.ondon, 1871-1888. 

This is an English translation of the first of 8 volumes of the French work, 
cited above and does not include the 5 volumes on the monocotyledons. 

Bhntham, G. and HooKhR, J. D. Gencia plantarum. 3 vols. London, 1862 1883. 
This is one of the great reference works of all time devoted to the genera 
of seed plants. Its primary claim to greatness is that the dcscri, tions ot 
genera treated in it were prepared from studies of the plants themselves, fhesc 
descriptions were not a product of compilation. The ^^enera wcie grouped 
under families, the families under cohorts (orders in present-day terminology); 
all m accordance with the Bentham and Hooker system of classification. I’here 
are no keys in the work; major taxa are separated by means of synoptical 
devices. Large genera are divided into subgenera and sections, and important 
species of each are usually indicated. The text is in Latin. See pp. 115-118 of 
Chapter VI of this book for more detailed analysis. 

DE Candolle, A. P., A., and C. Prodromus systematis naturalis regni vegetabilis. 
17 vols. With Buek's index, vols. 1-4. Pans, 1824-1873 

This was the first work of its scope since Willdenow's edition of Species 
plantarum, attempting to account for all species of seed plants It was pre- 
pared before modern keys weie generally employed, and the later volumes 
made use of synopses (cf. Chapter X, p. 225) in lieu of keys The work 
tieats only the dicots. The fiist 7 volumes were wriltcn by Augustin Pyramus 
de Candolle, and the remaining volumes, edited by his son Alphonse, weie 
written for the most part by selected monographers. In all, 35 botanisls par- 
ticipated. “While its title of Prodromus (forerunner) designates it merely as a 
preliminary survey of the vegetable kingdom to be followed by more elaboiate 
monographs, nevertheless it contains the last comprehensive revision of many 
an important genus.” For the dates of publication, sec W. T. Slearn’s paper 
in Candollea, 8:14, 1939. 

DE Candollf, Ai ehonse and Casimir, cds. Monographiae phancrogamarum, 7 
vols. Pans, 1879-1891. 

A work designed to provide monographs to families, and to serve as a suc- 
cessor to the Prodromus. The following families are treated: vol. 1, Smilacees, 
Restiaceae, Mcliaceac; vol. 2, Araceae; vol. 3, Philydraceae, Alismaceae, 
Butomaceae, Juncaginaceae, Commelinaceae, Cucurbitaccae; vol. 4, Burser- 
aceae, Anacardiaceae. Pontederiaceac; vol. 5, Cyrtandreae [Gesneriaceael, Am- 
pelidees [Vitaceac]; vol. 6, Andropogoneae IGramin:ac|; vol. 7, Melas- 
tomacces. 
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Engler, a. and Difi.s, L Syllabus der Pflanzenfamilien. Berlin, 11th ed., 1936. 
This is a syllabus of the plant families and is, in a sense, a condensation of 
the hngler system of classification into a single volume. It contains a synoptical 
key to all the families of plants (exclusive of Bacteria), indicates the various 
subsidiary categories to which the families belong, provides synonymies, author 
citations, and brief family descriptions. The volume is well illustrated with 
diagrams and drawings of technical characters. The text is in German. 

Engler, A. and Pranil, K. Die natlirlichen Pflanzenfamilien. 23 vols. Leipzig, 
1887-1915; ed. 2, 8 vols. 1924- I Incomplete, 19421 
This is, in effect, a glorified “genera plantarum.” It is written in German, 
well illustrated, and is documented by selected bibliographies. The attempt 
was made to provide dichotomous keys and adequate descriptions to all 
families of plants (except the Bacteria) from the Algae through the Com- 
posilae, arranging them in accordance with the Engler system of classification. 
For each family was given a summary of knowledge concerning the em- 
bryology, morphology, and anatomy of vegetative and reproductive structures. 
A bibliography of pertinent and outstanding taxonomic papers supplements 
these data. Lhe second edition promises to be a most important taxonomic 
work, and publication, suspended toward the close of World War II, is reported 
soon to be resumed. The monographic treatments of the families were prepared 
largely by specialists under the editorship of Engler, Pranil, and Diels. 

Hu I c HINSON, J. The families of flowering plants. 2 vols London, 1926 and 1934. 
Volume I treats the dicotyledonous plants and volume 11 the monocoty- 
ledonoLis plants. The treatment of the dicots is preceded by a statement of 
Hutchinson’s classification and a key to the families. Each family is accom- 
panied by a dcsciiption and the names of prominent gencia Volume II is 
similai, but includes also a key to the genera of most families. 

Regional floran and nianiial8 

Floras arc regional in .scope. In the following account no distinction 
is made between a flora and a manual; in fact most of the works listed 
arc manuals rather than floras. The student should know of the more 
important floras and manuals of the earth’s continents. Anyone engaged 
in taxonomic work, as a primary or secondary interest, is called on fre- 
quently to identify plants, and when these are unknown indigenous plants 
they are identified usually by the aid of a manual or flora of the area 
from which the plants originated. Occasionally a collection of plants is 
received in exchange or by purchase, and their identification is checked 
by reference to treatments in the pertinent floras. Knowledge of the more 
important floras is invaluable to the traveler interested in the plants of 
an area otherwise little known to him. Anyone pursuing taxonomic work 
in the field of cultivated plants must be well versed in the larger regional 
floras of the world, since cultivated plants may come from any part of 
the world. 

There is great need for modern competently prepared floras. This is 
true not only for much of North America, but to an even greater degree 
f^r almost all other continents, with the possible exception of parts of 
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Europe and a few colonized areas. In the United States there is need for 
preparation of local floras, preferably of physiographic rather than of 
political areas. Most of the available comprehensive floras of other 
countries exclusive of much of Europe are over 50 years old, and 
knowledge of their plants has been amplified manyfold since then. See 
Chapter Xlll for details. 

In addition to floras and manuals for restricted areas, the student 
should be cognizant of the existence of the many papers available con- 
cerning the floristics and phytogeography of those same areas and their 
components. 

The most complete index to the literature comprising the floras and 
manuals of the world is that projected by Blake and Atwood.^’ Of this 
work Part I has been published. It accounts for general and local floras 
devoted to Africa, Australia, North America, South America, and islands 
of the Atlantic, Pacific, and Indian oceans. Because of the completeness 
and utility of this publication the treatment that follows accounts, in so 
far as the New World is concerned, only for the larger and perhaps most 
frequently used floras. Many data incorporated into the explanatory 
notes preceding the following enumerations of floras have been adapted 
from Blake and Atwood. 

North America 

There is no complete flora for the continent. Neither are there com- 
plete floras yet available for all of Alaska or Canada. Only about one- 
third of the area of the latter has its plants accounted for by modern 
lists. Only 3 of the 8 Central American countries (including Mexico) 
possess modern floras. Mexico, the largest, and richest in number of 
species, has no complete flora, although much has been published on it. 
Greenland’s flora is comparatively well known. All 48 stales of the United 
States are covered by local or regional floras, although no separate state 
floras or lists arc known for 6 states. Of the West Indies, perhaps the 
plants of Cuba are the least adequately accounted for. 

A selected annotated list of floras considered especially helpful in the 
identification of vascular plants of this region follows. 

Brit ION, N. L., et al. North American flora. Published by the New York Botanical 
Garden, 1905 and continuing. 

This flora, projected to comprise 34 volumes, is still in the course of prepara- 
tion. When complete, it will provide data concerning every accepted species 

2 Blake, S. F. and Atwood, A. C. Geographical guide to the floras of the world An 
annotated list with specia*. reference to useful plants and common plant names. Part I. 
U. S. Dept. Agr., Misc. Publ. 401. 1942. 
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of plant known to be indigenous to North America, from the bacteria and 
algae through the seed plants. For the units of each category there are 
dichotomous keys, terse descriptions, synonymy, reference to habitat, distri- 
butional ranges, and designation of a type. There are no illustrations, an- 
notations, or taxonomic or nomenclatural discussions. North America is 
treated as comprising the continent, Greenland, and the West Indies (Trinidad, 
Tobago, and Curasao are not included). Each family or genus has been pre- 
pared by a monographer following a uniform editorial policy. Parts published 
prior to 1935 were in accord with the so-called American Code of Nomen- 
clature; subsequent parts follow the International Rules, ed. 3. To date, the 
treatments of the following orders or families of vascular plants have been 
completed in whole or in part: Ophioglossaceae to Cyatheaceae, Typhaceae to 
Gramineae, Cyperaceae, Bromeliaceae, Chenopodiaceae, Amaranthaceae, Saxi- 
fragaccae, Rosaceae, Leguminosae, Geraniales through Polygalales, Umbelli- 
ferae, Ericales, Apocynaceae, Rubiaccae, Compositae. 



Fig. 35. Asa Gray (1810-1888). Foremost 
American botanist of his day, founder of the 
Gray Herbarium at Harvard University, and 
author of one of the most renowned manuals 
of American botany. Sketch by M. E. Ruff, 
from photograph, courtesy L. H. Bailey. 


Alaska and Canada 

Anderson, J. P. Flora of Alaska and adjacent parts of Canada. An illustrated 
descriptive text of all vascular plants known to occur within the region cov- 
ered. Iowa State College Journal of Sci. 18: 137-175, 381-445 (1943); 19: 
133-205 (1945); 20: 213-257, 297-347 (1946); 21: 363-423 (1947); 23: 
137-187 (1949). 

A descriptive flora, with keys, to the vascular plants of Alaska. Original 
illustrations of critical characters of most species are provided, and for each 
species are given the essential synonymy, distribution, and an English vernacu- 
lar name. Arrangement follows the Engler system, and the work is complete 
through Plumbaginaceae [as of 1949]. 

Hult^n, E. Flora of Alaska and Yukon. Lunds univ. arssk. N. F. Avd. II 37: 
1-27 (1941); 38: 129-412 (1942); 39: 413-467 (1943); 40: 569-795 (1944); 
41: 797-978 (1945); 42: 981-1066 (1946); 43: 1067-1200 (1947); 44: 1201- 
1341 (1948); 45: 1345-1481, 1949. 
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An annotated flora with keys to species, but with no keys to families or 
genera. No descriptions included Full synonymy and local and general dis- 
tributional data provided (including maps for each species). Based on the 
Engler system. Complete to Campanulaceae. 

Hultkn, R. The flora of the Aleutian Islands and westernmost Alaska peninsula, 
with notes on the flora of Commander Islands. 397 pp. Stockholm, 1937. 

A copiously annotated flora, with synonymy, with detailed general distribu- 
tional langes. No keys or descriptions are provided for the 479 species treated. 
A bibliography on Alaskan flora is included. 

Huliln, E. F-lora of Kamtchatka and the adjacent islands. Kungl Svenska 
Vetenskakad. Handl. Ser. 3, Bd. 5 (1926 1928) and 8 (1929-1930). 

Marie-Victorin, Frere. [Conrad Kirouac] Flore laurentienne. 917 pp. Montreal, 
1935. 

An annotated and illustrated descriptive flora, with keys, accounting for the 
plants of southern Quebec. Te.xt in French. 

Louis-Marie, Pfre. Flore-manual dc la province de Quebec. 319 pp. Montreal, 
1931. (Contr. 23, Institiit agricole d’Oka). 

An elementary flora, in the form of keys to the vascular plants. 4'ext in 
French. 

WesU^rn United States and Canacia 

Abrams, Leroy. An illustrated floia of the Pacific states, Washington, Oregon and 
California. 2 vols. I Incomplete! Palo Alto, Calif., 1923, 1944. 

A descriptive flora to be completed in 4 volumes. Vo'jmes 1 and 2, Filicales 
through Krameriaccae, have been published. A revised edition of Volume 1 
was published in 1940, dilTering from the original edition in that the nomen- 
clature was revised to confoim with the International Rules (ed. 3). 

Coulter, J. M. New manual of botany of the central Rocky Mountains (vascular 
plants). . . . rev. by Aven Nelson New Yoik, 1909. 

JhPSON, W. L. A manual of the flowering plants of California. Berkeley, 1923- 
1925. 

A descriptive flora with keys accounting for 4019 species of vascular plants. 

Jepson, W L a flora of California. 3 vols. 1 Incomplete 1. San Francisco, Berkeley, 
1909-1943. 

A descriptive flora of the seed plants, with bibliographic references, lo- 
calities, illustrations, and keys. 

Kearney, W H. and Pei.bi es, R H Flowering plants and ferns of Arizona. U. S. 
Dept. Agr. Misc Publ. 423. 1942 

An analytical flora accounting for about 3200 species, with keys to elements 
of all categories Descriptions are given only for genera; distributional data, 
synonymies, and habitats aie given for elements in all categoiies. 

Mun7, P. a. a manual of southern California botany. Claremont, Calif., 1935. 

A descriptive flora with keys, accounting for the vascular plants of Cali- 
fornia, fiom Los Angeles County southward. 

Peck, M E. A manual of the higher plants of Oregon. Portland, Ore , 1941. 

Piper, C. V. Flora of the state of Washington. Contr. U. S. Nat. Flerb. vol. 1 1 
1 906. 

Rydberg, P. A. Flora of the Rocky Mountains and adjacent plains, C olorado, 
Utah, Wyoming, Idaho, Montana, Saskatchewan, Alberta and neighboring 
parts of Nebraska, South Dakota, North Dakota and British Columbia. 2d 
ed. New York, 1922. 

This is a descriptive flora with dichotomous keys accounting for 6029 
binomials of pteridophytes and spermatophytes. The essential difference be- 
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tween first and second editions is that the latter contains 33 pages of addi- 
tions and corrections. 

WooTON, E. O. and Standley, P. C. Flora of New Mexico. Contr. U. S. Nat. 
Herb. vol. 19. 1915. 


Central and midwestern United States 


Deam, C. C. Flora of Indiana. Indianapolis, 1940. 

An annotated flora with keys to the species of Indiana plants. No descrip- 
tions of species are included, although many valuable floristic and biblio- 
graphical data are provided. The treatment of various groups contributed by 
specialists. Many supplements have been published as Indiana Plant Distribu- 
tion Records in the Proceedings of the Indiana Academy of Science. 

Reeves, R. G. and Bain, D. C. A flora of south central Texas. College Station, 
Texas, 1946. 

Keys and descriptions to families, genera, and species; arrangement accord- 
ing to the Bessey system “with a few modifications.” The area covered by 
the flora is within the Southern Post Oak area of the coastal plain. 



Fig. 36 . Per Axel Rydberg (1860-1931). 
Trained originally as an engineer, ardent 
field collector in western and mid-western 
United States, and author of several floras 
of those regions. Sketch by M. E. Ruff, 
from photograph, courtesy Brooklyn Bo- 
tanical Garden. 


Rydberg, P. A. Flora of the prairies and plains of central North America. New 
York, 1932. 

A descriptive flora, with keys, accounting for approximately 4000 species of 
vascular plants of Kansas, Nebraska, Iowa, Minnesota, South Dakota, North 
Dakota, southern Manitoba, and southeastern Saskatchewan. 

ScHAFFNER, J. H. Field manual of the flora of Ohio and adjacent territory. Colum- 
bus, 1928. 

A manual of the vascular plants in the form of keys. Includes a bibliog- 
raphy and glossary, but without descriptions. 

Steman, T, R. and Myers, W. S. Oklahoma flora. Oklahoma City, 1937. 

An annotated descriptive flora, with keys, to the vascular plants of Okla- 
homa. Gramineae and Cyperaceae omitted. 
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Tidestrom, I. Flora of Utah and Nevada. Contr. U. S. Nat. Herb. vol. 25. 665 pp. 
1925. 

A systematic enumeration of about 3700 species of vascular plants with 
keys but without descriptions. Treatments of several groups contributed by 
various authors. 

Northeastern United States 

Britton, N. L. Manual of the flora of the northern states and Canada. 3d ed., 
rev. and enl. New York, 1907. 

A descriptive flora of the vascular plants of the area, with keys. 

Britton, N. L. and Brown, A. An illustrated flora of the northern United States, 
Canada, and British possessions from Newfoundland to the parallel of the 
southern boundary of southern Virginia and from the Atlantic westward to 
the 102nd meridian. 2d ed. rev. and enl. 3 vols. New York, 1913. 

A descriptive flora with keys to approximately 4600 species of vascular plants 
and a figure illustrating each species. In this work each species is given a ver- 
nacular name, which frequently is only an anglicization of the Latin name. 


Fig. 37. Merritt Lyndon Fernald 
(1873-1950). 

For over a quarter of a century Director 
of the Gray Herbarium and Editor of 
Rhodora, best known as an authority on 
the vascular flora of primarily the coastal 
regions of northeastern North America 
and as author of the latest (8th) edition of 
Gray’s Manual of Botany. Sketch by M. E. 
Ruff, from photograph, courtesy M. L. 
Fernald. 



Fernald, M. L. Gray’s manual of botany, ed. 8. Boston and New York, 1950. 

A manual of the pteridophytes and spermatophytes of the central and north- 
eastern United States and adjacent Canada. This edition is essentially a new 
work, embodying o\er 40 years of revisionary and floristic studies by the late 
Professor Fernald. New and dichotomous keys provided throughout to 1133 
genera and 5523 species. 
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Southeastern United States 

Small, J. K Manual of the southeastern flora; giving descriptions of the seed 
plants growing naturally in Florida, Alabama, Mississippi, eastern Louisiana, 
Tennessee, North Carolina, South Carolina, and Georgia. New York, 1933. 

A descriptive flora with keys to approximately 5500 binomials of sperma- 
tophytes (pteridophytes not included). The flower characters of each genus 
are indicated by illustrative figures. 


Fig. 38 . John Kunkel Small (1869-1938). 
Authority on the higher plants of south- 
eastern United States, indefatigable field col- 
lector throughout that region, and author of 
the most recent comprehensive work on its 
flora. Sketch by M. E. Ruff, from photo- 
graph, courtesy Brooklyn Botanical Garden. 


CoNZATTi, C. Flora taxonomica mexicana (plantas vasculares). Vol. 1 (1939) 
Pteridophytes; vol. 2 (1943-1947) Monocotyledonae. Mexico, 1939-1947 
[Incomplete]. 

A briefly descriptive flora with keys to families, genera, and species of Mexi- 
can vascular plants. Text in Spanish. 

Hemslry, W. B. Biologia Centrali-Americana. Botany. 5 vols. 1879-1888 [1915], 

The botanical section of the comprehensive work edited by F. Ducane God- 
man and O. Salvin. Localities and synonymy but no keys; only new species 
are described. 

Standley, P. C. Trees and shrubs of Mexico, Contr. U. S. Nat. Herb. vol. 23. 
1920-1926. 

A briefly descriptive flora of approximately 5700 species of native woody 
vascular plants with keys. Treatment of several families contributed by 
specialists. 

Standley, P. C. Flora of the Panama Canal zone. Contr. U. S. Nat. Herb. vol. 27. 
1928. 

A briefly descriptive flora of the spermatophytes, with keys. 

Standley, P. C. The flora of Barro Colorado Island, Panama. Contr. Arnold 
Arb. 5. 1933. 
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Sr^NDi.FY, P C. Flora of Costa Rica. Publ Field Mus. Nat. Hist. Bot. 391, 392, 
420. 429, Bot. Ser. vol 18. 1616 pp. 1937-1938. 

An enumeration of approximately 6000 spermatophytes with brief desciip- 
tions of genera and species of the dicotyledons. 

Standlly, P C. and Rlcord, S J. The forests and flora of British Honduras 
Pub Field Mus. Nat. Hist. 3.'>0 Bot. Ser vol. 12, 432 pp. Chieago, 1936 

A descriptive flora to approximately 2100 species of vasculai plants Con- 
tains keys and descriptions to the species of the larger genera and to the 
genera of the larger families. 

Standlly, P. C. and Silykhmark, J. A. Flora of Guatemala. Fieldiana: Botany, 
24: pts. 4-6, 1949 1 Incomplete I. 

A flora providing keys, descriptions, synonymy, vernacular names, and 
geographic distributions; based on the Fngler classification, complete to date 
for families Ulmaceac through vSauraiiiaceae. 

Woodson, R. F Jr. and vSchlry, R W. Flora of Panama. In Ann. Mo. Bot. CJard. 
30(2), 1942; 31(1), 1944; 32(1), 1945; 33(1), 1946; 33(4), 1946; 35(1), 
1948; 36(1), 1949. [Incomplete.] 

A flora providing keys and descriptions to families, genera, and species, to- 
gether with synonymy, geographic distribut.on, and citations of specimens ex- 
amined. Based on the Fngler classification. Complete to date for Cycadaceae 
through Orchidaceae and Lauraceae through Cruciferae. 

Weal Incliea 

Britton, N. L. and Millspaugh, C. F. The Bahaman floia. 695 pp. New York, 
1920. 

A descriptive flora with keys, essential synonymy, and notes of geneial 
distribution. Accounts for all plant life fiom algae through spermatophytes. 
Fawceii, W. and Rlndle, A. B. Flora of Jamaica, containing descriptions of the 
flowering plants known from the island. Vols. 1, 3 -5, 7. London, 1910-1936 
[Incomplete]. 

A descriptive flora, with keys, synonymy, distributional data, citation of 
exsiccatae, etc. 

Grisebach, a. H. R. Flora of the British West Indian islands. 789 pp. London 
1864. 

Actual publication dates are 1859-1864 (cf. Jackson, B. D. in Jouin. Bot. 
30: 347, 1892). Despite its antiquity, the only general flora of the West 
Indies (exclusive of Cuba, Puerto Rico, and Hispaniola). A descriptive flora, 
without keys. 

South America 

As pointed out by Blake and Atwood, of the 13 South American 
countries (plus Patagonia) only 4 have recent and essentially complete 
lists of vascular plants (Patagonia, Surinam, Uruguay, and Venezuela), 
and none of these is a flora or manual in the modern sense. The floras 
now in preparation for Brazil, Peru, and Argentina are of great promise. 
Many countries of the continent have no partial flora, manual, or list 
that is less than 100 years old. 

Descole, H., et al. Genera et species plantaruih argentinarum. Buenos Aires. 
1943-continuing. 
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A sumptuous work projected to occupy many tomes, accounting for the 
flora of Argentina. The arrangement of families follows no established sys- 
tem. A descriptive flora with keys to genera and species, synonymies, distribu- 
tional data (with maps) and full page plates illustrating each species. Many 
plates hand -colored. Text in Spanish. Inasmuch as the work is incomplete and 
the family arrangement unorthodox, the families treated to date arc listed 
here: Lome I (194!1), Zygophyllaceae, Cactaceae, Euphorbiaceae; Tome 11 
(1944), Asclepiadaceae, Valerianaceac; Tome 111 (1945), Ccntrolcpidaceae, 
Mayacaceae, Xyndaceac, Eriocaulaceae, Bromeliaceae; Tome IV (1948), 
Cyperaceac. 

Gay, C. Historia fisica y politica de Chile . . . botanica flora chilena. 8 vols. and 
atlas of 103 col. pi. Pans, Santiago, 1845 1854. 

A descriptive flora of Chilean plants. Text in Spanish except for Latin 
diagnoses. For dates of publication, see Johnston, 1. M. in Darwiniana, 5: 
154-165, 1941. 

Macbride, J. F. Flora of Peru. Pub. Field. Mus. Nat. Hist. Bot. 1936 1949 [In 
process of completion]. 

An annotated list of spermatophytes, with keys, desciiptions, citation of 
exsiccatac. Treatments of several families by specialists. Text in English. 
Macloskie, G., et al. Reports of the Princeton University expeditions to Patagonia, 
vol. 8, botany. 1896-1899. 

The Flora Patagonica, an annotated list of vascular plants, with keys, brief 
descriptions, bibliography, and floristic data. 

Martius, K. F. P. von, et al. Flora Brasiliensis ... 15 vol. in 40. 3805 pi. Berlin, 
1840- 1906. 

One of the most sumptuous of floras (in excess of 20,000 pages) account- 
ing for 22,767 species. A costly and now rare work; one of the few compre- 
hensive floras of Brazilian plants. 

PiTiiER, H. F. Genera plantarum Venezuelensium. Clave analitica de los generos 
de plantas hoy conocidos en Venezuela. 354 pp. Caracas, 1939. 

Key to the genera of vascular plants of Venezuela. Text in Spanish. 

PuLLE, A. A. Flora of Surinam (Dutch Guiana). 4 vols. Amsterdam, 1932-1940 
I Incomplete!. 

A descriptive flora of phanerogams. No keys. Text in English. 

RhiCHE, K. F. Flora de Chile. 6 vols. Santiago, 1896-1911. 

A descriptive flora, with keys. Lacks most of the “Apetalae,” and parts 
available ;jre not altogether trustworthy. 

Europe 

There are several hundred floras and manuals accounting for the vas- 
cular plants of Europe, but few have been published during the last half 
century. Cited below are those believed more frequently referred to in 
checking identities, atlinities, and nomenclature of most European plants. 

Bentham, G. Handbook of the British flora; a description of the flowering plants 
and ferns indigenous to, or naturalized in the British Isles. For the use of 
beginners and amateurs, ed. 7, rev. by A. B. Rendle. 606 pp. Ashford, Kent, 
1930. 

A descriptive flora, with keys, descriptions, and distributional ranges. The 
introduction includes explanations of gross morphology of structures, notes on 
classification, herbarium techniques, glossary, and key to the families. 
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Butcher, R. W. and Strudwick, F. E. Further illustrations of British plants. Ash- 
ford, Kent, 1946. 

A supplementary handbook to Fitch and Smith, with 485 new figures with 
descriptions. 

CosiL, H. Flore descriptive et illiistrce de la Fiance. 3 vols. Paris. 1900 1906. 

A descriptive flora to the vascular plants of France and Corsica. Keys to 
species provided. A figure is provided to illustrate each species. Text in French. 
Dates of publication and contents of the 16 fascicles arc stated in a note fol- 
lowing the preface to vol. 3. 

CouTiNHO, A. X. P. Flora dc Portugal (plantas vasculares). Paris, Lisbon, 1913 
ed. 2, 1939. 

A standard flora in the form of keys. For Supplcmcnto (154 pp.) see Bol. 
Soc Brot. Ser. II, vol. 10, 1935. 

Fiori, a. Nuova flora analitica d’ltalia. 2 vols. Firenze, 1923-1929. 

A conservative flora of the vascular plants of Italy, employing an exces- 
sively broad concept of species. Full and complete desciiptive keys are pio- 
vided for genera and species. No other descriptions included. Text in Italian. 
It is a companion work to the same author's Iconogiaphia tioiac italicae. cd. 2 
1921. 

Fiich, W. H. and Smith, W. G. Illustrations of the British flora; a series of wood 
engravings, with dissections, of British plants, cd. 5. Ashford, Kent, 1931. 

An illustrated companion to Bentham’s Handbook of the British flora, pro- 
viding 1321 figures of as many species. 

Haylr, a. Prodromus florae penmsularae Balcanicae. 3 vols Berlin, 1923 1933 
IBeihefte 30 of Fedde, Repert. Sp. Nov. 1. 

A descriptive flora of the vascular plants of southeastern Europe. All groups 
are keyed. The treatment is modern and conservative. Text and keys in Latin. 
For dates of publication, sec Steam, W. T. in .lourn. Soc. Bibl. Nat. Hist. 
1. 1I7-II9, 1937. 

Hegi, G. Illustrierte Flora von Mittel-Furopa 13 vols. Munich, 1906-1931. 2nd ed., 
vol. 1, 1936; vol. 2, 1939 (incomplete). 

A very complete conservative classical work, accounting for the vascular 
plants of central Europe. The text, well illustrated, is in German. Descriptions, 
keys, synonymy, and copious bibliography are provided Treatment of many 
families by specialists. Foi dates of publication, sec Pecherer, A. in C'andollea, 
5: 342-344, 1934 

Hutchinson, J. British flowering plants. T.ondon, 1948. 

This book deals primarily with the “evolution and classification of families 
and genera, with notes on their distribution” while data ordinarily expected 
in a flora are treated as of secondary importance. It is primarily a treatise 
(much revised over that in the author’s The families of flowerinf* plants) of 
Hutchinson’s system of classification, using British material in so far as possi- 
ble as illustrative of its organization. Keys are provided to the families and 
genera of British plants, but no formal descriptions arc included, and distribu- 
tions are sketchily recounted. 

Komarov, V. L., et al. Flora U. R. S. S. (Flora Unionis Rerumpublicarum Soviet 
icarum Socialisticarum). 15 vols. Moscow, 1934-date 1 Incomplete!. 

This work is a comprehensive flora of Russia. All families, genera, and 
species are described, and keys arc provided. The work is illustrated and the 
entire text (except for Latin names of plants) is in Russian. For lists and 
maps, whereby anyone ignorant of Russian can nevertheless translate the 
geographic and othei abbreviations of the Flora U. R. S. S. into English 
equivalents and thereby ascertain the general distribution of species described 
in this work, see Steam W. T. in New Phytologist, 46: 61-67, 1947. 
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! A .i.RBtRG, T. and Holmboe, J. Vare ville planter. 5 vols. Oslo, 1937-1940 [not 
completed I . 

This IS the Norwegian edition of the Swedish, Vilda vdxter i Norden by 
r. Lagerberg (Stockholm 1937 et seq.). Many line drawings and color photo- 
graphs. Text in Norwegian. 

Lm, J. Norsk flora. Oslo, 1944. 

A 1 -volume handbook accounting, with keys and descriptions, for the vas- 
culai plants of Norway. About 360 figures of line drawings provide habit 
sketches of the majority of species treated. Text in Norwegian. 

Lindman, C. a. M. Svensk fancrogamflora. cd. 2. Stockholm, 1926. 

A standard flora of Sweden, well illustrated. Keys are provided. The classi- 
fication follows the Linnaean “sexual system.” 

Posi, G. F. Flora of Syria and Palestine ed. 2 2 vols. London, 1932-1933. (The 
2nd ed. published posthumously and edited by T. E. Dinsmore.) 

Samraic), G. Flore porlugaise. ed. 2. Porto, Portugal, 1947. 

A flora of 792 pages and 693 figures accounting for the flowering plants of 
Portugal. The taxonomy is conservative and the nomenclature follows the 
Vienna Rules of 1905. The species are accounted by descriptive dichotomous 
keys following the Engicr classification. Synonymy very incomplete. 

Ursing, B. Svenska vaxter i text och bild. Stockholm, 1947. 

A field manual accounting for the species of Swedish flowering plants: habit 
sketches of the majority arc in color. The key to the families is based on the 
Linnaean “sexual system” of classification following Swedish tradition: con- 
ventional artificial keys are provided to genera and species. Text in Swedish. 
WiLiKOMM, H. M. and Lange, J. Prodromus florae Hispanicae. 3 vols. Stuttgart, 
1861-1880. ISupplementum.l 1893. 

This remains a standard work on plants of Spain. For dates of publication, 
see Wiltshear in Journ. Bot 53: 371, 1915. 

Asia 

Considering its area and vast range of climatic zones, Asia is probably 
the most deficient in floras of any great land mass. Japan has no modern 
flora in a Roman alphabet. China has no national flora, and few regional 
floras. The existing flora of India is mostly more than 50 years old. The 
plants of much of western Asia (especially Afghanistan, Iran, Iraq, 
Oman, and greater Arabia) are not well known, or so little known that 
they are not accounted in any flora less than a century old. However, 
despite this lack of formal descriptive floras, the last half century has 
witnessed extensive collecting in the near and middle east, whose 
results appear in the enumerations published by Stapf, Bornmuller, 
Handel-Mazzetti, P. H. Davis, Nabelek, Rechinger, et al., in European 
botanical periodicals. 

BoissiFR, F. Flora oiicntahs sive eniimeratis plantariim in oriente a Graecia et 
Aegypto ad Indiae fines hucusque ohservatarurn 5 vols. Basel and Geneve, 
1867-1884. Supplementum, 1888. 

An important flora for the vascular plants of the area. Synopses and descrip- 
tions provided for plants in all categories. Text in Latin. 
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Gamble, J. S and Fisher, C. E. C. Flora of the Presidency of Madras. 11 parts, 
usually in 3 vols. London, 1915-1938. 

Hooker, J. D. Flora of British India 7 vols. London, 1876 1 897. 

A descriptive flora of the species of vascular plants of British India. Modi* 
fled synoptical type keys provided. 

Kanjilal, U. N., et al. Flora of Assam 5 vols. Shillong, 1934-1940 I incomplete 
to dale I. 

This flora was intended originally as a forest flora of the region, but many 
herbaceous plants are included. Descriptions and keys are provided. Text in 
English. 

Africa 

Exploitation by colonization has been responsible for a moderate 
understanding of the plants of Africa, but even this is so inadequate that 
of the 49 geographical divisions recognized by Blake and Atwood there 
are more or less complete floras, containing keys or descriptions, of only 
7 (Algeria, Anglo-Hgyptian Sudan, Angola, Egypt, Swaziland and 
Transvaal, and Tunisia). However, certain large areas are covered by 
more or less comprehensive floras, only 1 of which is modern. Blake 
and Atwood cite 23 countries, colonies, and protectorates of Africa that 
are entirely without general floras or lists limited to their area. 

A very brief listing of African floras follows. 

Adamson, R. S. and Siatpr, T M. Flora of the Cape peninsula. 889 pp. Cape 
Town, 1950. 

A descriptive flora, with keys, synonymies, and distributions of the vascular 
plants of the area. Based on the Englcr classification. 

Batiandier, J. a. and Trabui, L. Floie analytique el synoptique de TAlgcric et 
dc la Funisie. 406 pp. Alger, 1902 119041 

A flora, in the form of keys, accounting for 3316 species of vascular plants. 
Text in French. 

Bai risroMBL, E. Tices and shrubs of Kenya Colony. 20 1 pp. Nairobi, 1936. 

An annotated descriptive list of woody plants. 

Bews, j. W. An introduction to the flora of Natal and Zululand. 248 pp. Pieter- 
maritzburg, 1921 

An annotated list of 3786 species of seed plants, including keys to families 
and genera. 

Buri r Davy, I. A manual of the flowering plants and ferns of the Transvaal with 
Swaziland, South Africa. 529 pp l.ondon, 1926-1932 [Not completed I 

An annotated briefly descriptive flora, with keys, to the vascular plants. 
Arrangement follows Hutchinson system 

Exlll, a. W. Catalogue of the vascular plants of S. Tome. 428 pp. London, 1944. 

A catalogue of special importance for its critical synonymy and citations 
of the literature, for many of the plants of this Gulf of Guinea island occur also 
in tropical West Africa No keys or descriptions included. 

Harvey, W. H., Sonuer, W., et al. Flora capensis: being a systematic description 
of the plants of Cape Colony, Caffraria, and Port Natal (and neighboring ter- 
ritories). vols. Dublin, 1859-1865; London, 1896-1933. 

For history of this work, see Thistleton-Dyer in Kew Bull. 1925: 289-293, 
and for dates of publication see Marshall, H. S. in Journ. Soc. Bibl. Nat. Hist. 
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1: 196. 1939. A detailed descriptive flora with synoptical keys. Many data of 
earlier volumes now of considerable antiquity. 

Hutchinson, J. and Dat/iel, J. M. Flora of west tropical Africa. The British west 
African colonies, British Cameroons, the French and Portuguese colonies south 
of the Tropic of Cancer to Lake Chad, and Ferdinando Po. 2 vols. London, 
1927-1929. 

A modern illustrated flora with descriptions and keys, citation of exsiccatae, 
and ranges of distribution. 

Moschi.er, R. a manual flora of Egypt. 2 vols. Berlin, 1912. 

A descriptive flora, without keys, of 1503 species of vascular plants. Text 
in English. The work is not critical, and information in it is subject to chal- 
lenge and verification. 

Oliver, 1) et ul. Flora of tropical Africa. 10 vols. London, 1868-1937 [Not com- 
pleted!. 

A descriptive flora of seed plants with keys, synonymy, and distributional 
ranges. For bibliographic notes see Blake and Atwood (p. 63). 

Phillips, E. P. The genera of South African flowering plants. 702 pp. Cape Town, 
1926. Botanical Survey of South Africa. Memoir 10. 

Descriptions and keys of South African plants. 

Robyns, W. editor. Flore du Congo Beige et du Ruanda-Urundi. Vol. 1. Bruxelles, 
1948 [Incomplete!. 

A critical descriptive flora, with keys, synonymies, and distributions, pub- 
lished under the aegis of the Institut National pour I’etude agronomique du 
Congo Beige. Based on the Engler classifieation. Volume 1 includes Gymno- 
spermae through Polygonaceae. Text in French. 

Tackhoi M, V. and G. and Drar, M. Flora of Egypt. 2 vols. Cairo, Egypt, 1941- 
1950 [Incomplete!. 

A descriptive flora based on the Engler classification, with keys, synonymies, 
and distributions. Many exotic plants and those of economic importance 
included. Volume I treats the ferns, gymnosperms, and monocots (through the 
grasses). Volume II treats the Cyperaccae through the Juncaceae. 

Australasia 

Following the delimitations established by Blake and Atwood, Aus- 
tralasia is restrieted to include only Australia, New Zealand, and Tas- 
mania. As compared with other regions, this is provided with several 
comparatively modern descriptive floras or lists, and no major area is 
devoid of an accounting of its plants. 

Bailey, F. M. The Queensland flora. 6 vols. Brisbane, 1899-1902. 

A descriptive flora of vascular plants, with keys, vernacular names, and dis- 
tributional ranges. A 66-page general index to scientific names was published 
separately in 1905. 

Ben I ham, G. Flora Australiensis: a description of the plants of the Australian ter- 
ritory. 7 vols. London, 1863-1878. 

A descriptive flora of Australia and Tasmania with keys, synonymies, and 
distributional ranges. For dates of publication, see Marshall, H. S. in Journ. 
Soc. Bibl. Nat. Hist. 1:71, 1937. 

Black, J. M. Flora of South Australia. 746 pp. Adelaide, 1922-1929. 

A descriptive flora, with keys and glossary, of 2430 vascular plants (Orchi 
daceae by R. S. Rogers). 
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Cheesentan, T. F. Manual of the New Zealand flora, ed. 2, rev. and enl. 1163 pp. 
Wellington, 1925. 

A descriptive flora of vascular plants with keys, synonymies, distributional 
ranges, and Mauri vernacular names. 

Cheeseman, T. F. and Hlmsley, W. B. Illustrations of the New Zealand flora. 
2 vols. 251 pi. Wellington, 1914. 

Dixon, W. A. The plants of New South Wales; an analytical key to the flowering 
plants, except the grasses and ferns of the state, set out in an original method, 
with an up-to-date list of native and introduced flora. 322 pp. Sydney, 1906. 

Ewart, A. J. Flora of Victoria. 1257 pp. 1 Melbourne 1, 1930. 

An annotated descriptive flora with keys and distributional notes. 

Ewart, A. J. and Davies, O. B. The flora of the Northern Territory . . . with 
appendices by J. H. Maiden, et al. 387 pp. Melbourne, 1917. 

An annotated flora with keys or brief synootical diagnoses, and distributional 
notes. 

Kirk, T. The forest flora of New Zealand and the outlying islands. 345 pp. 142 pi. 
1889. 

A descriptive flora, without keys; the illustrations arc excellent. 

Moore, C. and Bliche, E. Handbook of the flora of New South Wales. 582 pp. 
Sydney, 1893. 

A description of the flowering plants and ferns indigenous to New South 
Wales. 

Rodway, L. The Tasmanian flora 320 pp. Hobart, 1903. 

A descriptive flora with keys, distributional ranges, and glossary. 

Tate, R. A handbook of the flora of extratropical South Australia, containing the 
flowering plants and ferns. Adelaide, 1 890. 

About 1900 vascular plants are accounted for by keys. The treatment 
accounts for the vascular plants of an area as far north as Tropic of Capricorn. 

Pacifu* insular floras 

Brov'n, F. B. H. and E. D. W. Flora of southeastern Polynesia. Bishop Mu.seum 
Pull. 84, 89, 1931-1935. 

Chrisiophlrson, F. Flowering plants of Samoa. Bishop Museum Bull. 128, 1938. 

Degeni r, O. Flora Hawaiiensis, or the new illustrated flora of the Hawaiian 
Islands. Book I-III. Honolulu, 1932-1938 1 Incomplete 1. 

A descriptive flora, loose-leaf, unpaged, keys unpublished to date, each 
species described and illustrated 

Hillebrand, W. Flora of the Hawaiian Islands; a description of their phanerogams 
and vascular cryptogams. London and New York, 1888. 

A descriptive flora, with keys to genera and species, accounting for about 
1000 species. Vernacular names are included. 

Merrill, E. D. An enumeration of Philippine flowering plants. 4 vols. Manila, 
1922-1926. 

Rock, J. F. C. The indigenous trees of the Hawaiian Islands. Honolulu, 1913. 

A de.scriptive account, without keys, of the indigenous trees of the islands. 

Steenis, C. G. G. j. van, ed. Flora Malesiana. Batavia, 1948. [Incomplete.] 

A new flora, comprising an illustrated systematic account of the plants of 
Malaysia, i.e., the area extending from Sumatra to New Guinea and from 
Luzon to Timor and New Guinea, including Indonesia, the Malay peninsula, 
the Philippine Islands, the Moluccas, Celebes, and Borneo. It includes keys, 
descriptions, references, and the commonly cultivated as well as wild plants. 
Text in English. 
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MonographH and Revisions 

A taxonomic monograph of a group of plants is a comprehensive 
treatise representing an analysis and synthesis of existing taxonomic 
knowledge of that taxon, plus the results of original research in so far as 
systematics are concerned. In other words, it is “as complete an account 
as can be made at a given time of any one family, tribe, or genus, ‘nothing 
being neglected which is necessary for a perfect knowledge of it.’ ” The 
usual subject of a taxonomic monograph is the genus or the family. The 
investigations, on which the monograph is based, generally account for 
all elements of the group in question; that is, all species if of a genus, or 
all genera and species if of a family. A monograph is generally world- 
wide in its scope and application, and is not limited to the representatives 
of a geographical area; it reviews and evaluates all taxonomic treatments 
that have been made of that taxon; it should be based whenever possible 
on an extensive field knowledge of the plants concerned, or failing that, 
on their behavior under cultivation and, in all cases, on a study of the 
collections of the larger herbaria of the world or of the area accounted 
for; it is predicated almost without exception on studies of the available 
type specimens of all nomenclatural elements involved; it often embraces 
a study of the phylogeny of the taxon and considers the phylogenetic 
relationships of the taxon with other related taxa; it takes cognizance 
of, and synthesizes in so far as possible, all cytological, genetical, mor- 
phological, anatomical, paleobotanical, and ecological studies made of 
members of the taxon by its author, co-workers, or others. All elements 
of the treatise are accounted for by dichotomous keys, full synonymies, 
complete descriptions, precise designations of types, together with notes 
as to where the types are deposited, citations of specimens examined, dis- 
tributional ranges (supplemented by maps of the same), notes on habi- 
tats, and discussions of taxonomic and nomenclatorial considerations as 
may be appropriate. Monographs of this scope are few in number. The 
term monograph as used loosely, notably by horticulturists little ac- 
quainted with taxonomic literature or procedures, covers not only such 
works, but any systematic work devoted to a single taxon. 

A taxonomic revision differs from a monograph primarily in degree 
of scope and completeness. Often it accounts for only a section of a 
genus or for the elements as restricted to a continent or smaller geo- 
graphical area. Many revisions make no attempt to review all previous 
work on the taxon or to take cognizance of the interrelated sciences of 
cytotaxonomy, genetics, ecology, etc. It is not uncommon for revisions 
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to be based solely on herbarium studies; they may thus be provisional 
and introductory to more thorough treatments. 

There are no modern bibliographies devoted to the subjects of mono- 
graphs and revisions of the world. However, the bibliographies by 
Pritzcl, Jackson, Rehdcr, and Merrill and Walker do list several thou- 
sand monographs and revisions (cf. pp. 306-307). No bibliographies 
of monographs or revisions are given in this chapter, but a selection of 
those dealing with important genera (and of the family when available) 
is given at the end of the description of each family accounted for in 
Part II of this text. A list of so-called “monographic’’ works on genera 
of hardy herbaceous plants was published by Steam, W. T. in Journ. Roy. 
Hort. Soc. 67: 296-303, 1942. 

BihliographieH, catalogues^ and review serials 

The literature of systematic botany is of such magnitude that no one 
individual can be thoroughly conversant with more than a small part of 
it, few taxonomic institutions have complete card catalogues of it, and 
there is no one book or set of books accounting for it. Despite its vast- 
ness and the great number of items composing it, the student of taxonomy 
must learn how to find his way about this literature. Familiarity with 
available works of reference will save time when searching for informa- 
tion about a particular problem. The 3 principal sources are published 
bibliographies, catalogues of outstanding botanical libraries, and periodi- 
cals containing reviews of current literature. Each source is discussed 
below, and annotated references to selections of each type are included. 

Important bibliographies of taxonomic literature are cited below. They 
are works that attempt to account for all books and scientific literature 
published during a given period on the subject of the particular bibliogra- 
phy. Most bibliographies include a list of abbreviations employed for 
the many scries whose papers are cited. Such a list, together with the 
full title of the periodical, is often helpful when endeavoring to locate a 
serial in a library card catalogue. 

Bay, J. C Bibliographies of botany. In, Progressus rei botanicae, 3: 331-456. 1910. 

An accounting of the bibliographies published up to 1910 in all fields of 
botany. A bibliography of bibliographies. 

Bibliogr. Agr. Bibliography op agriculture. (U.S. Dept, of Agr. library) U.S. 
Dept, of Agr. Misc. Publ. 337. 1942. 

A monthly periodical accounting for all subjects of broad agricultural char- 
acter. A section of each issue treats taxonomic papers. 

Cat. Sci. Papers Catalogue of scientific papers. Royal Society of London. 
Vols. 1-6 tperiod 1800-1863), 7-8 (1864-1873), 10-11 (1874-1883), 12 
(1800-1883, omitted in vols. 1-11), 13-19 (1884-1900). 
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An index, by authors, to titles of scientific papers in serials and periodicals 
of the world for the period 1800-1 900, in volumes indicated. For each entry are 
given name of author, title, source, publication date. 

Int. Cat. Sci. Lit. International catalogue of scientific literature. M, Botany. 
Royal Society of London. 1902-1916. 

Volumes issued annually, each indexing by author and subject heading all 
original botanical contributions irrespective of whether a book, pamphlet, or 
periodical. The series accounts for literature of the period 1900-1913 
Jackson, B. D. Guide to the literature of botany; being a classified selection of 
botanical works, including nearly 6000 titles not given in Pritzefs Thesaurus. 
626 pp. London, 1881. 

Merrii L, E. D. and Walker, E. H. A bibliography of eastern Asiatic botany. 
Arnold Arboretum of Harvard Univ. 719 pp. Jamaica Plain, Mass., 1938. 

An accounting of over 21,000 author entries of all known works concerned 
to the least degree with plants of eastern Asia, arranged by authors and titles, 
with an excellent subject index. A valued innovation is a reference list of 
serial abbreviations, with full title of the serial and pertinent bibliographic 
notes accompanying each. The majority of world-important botanical serials 
are accounted for. 

Pit. Sci. Lit. Plant science literature. U. S. Dept, of Agr., Bur. Pit. Ind. Library. 
1930 -1940. (Superseded by Bibliography of Agriculture.) 

A mimeographed monthly periodical of limited distribution, but availably 
in most university and institutional libraries. 

Pritzel, G. a. Thesaurus literaturac botanicae, etc. 547 pp. 1847-1851; ed. 2, 
576 pp. 1872. 

One of the fundamental bibliographic references for early botanical litera- 
ture, the second edition much the more valuable. A reprint of ed. 2 was issued 
in 1924, and another in 1949. 

Rehder, a. The Bradley bibliography. A guide to the literature of the woody plants 
of the world published before the beginning of the twentieth century. Compiled 
at the Arnold Arboretum of Harvard University under the direction of Charles 
Sprague Sargent. 5 vols. 1911-1918. 

Accounts for all publications, as issued through 1900, on woody plants, 
including books, pamphlets, and articles in periodicals, arranged by subjects 
and authors. 

. Bibliography of cultivated trees and shrubs. 825 pp. Jamaica Plain, Mass., 

1949. 

A bibliography citing the author and place of publication of all Latin names 
of taxa treated in the author’s Manual of cultivated trees and shrubs, ed. 2, 
and of their synonyms, with the nomenclature brought up to date as of 1947 
The names of a majority of the species of woody plants of temperate North 
America are included. 

Catalogues cited below account for the books of special libraries rich 
in botanical titles, and are of especial value in taxonomic studies. It is 
often necessary to know the full name of a particular author, to know 
the unabridged and exact title of a work, to know when it was published, 
or when a particular edition was issued. These data are usually avail- 
able from such catalogues. 

Catalogue of the library of the British museum (natural history). 5 vols. London, 
1903-1915. Supplement. 3 vols. 1922-1940. ' 
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This catalogue (including the works accounted for in the supplement) 
accounts for books, maps, periodicals, and pamphlets in the fields of natural 
history up to 1920 (through I), to 1930 (letter J-O) and to 1938 (letters 
P-Z). Entries are alphabetical by author, with cross-indexing employed to 
an appreciable extent. 

Catalogue of the library of the Massachusetts horticultural society. 587 pp. Cam- 
bridge, Mass., 1918. 

An author-subject catalogue of about 22,000 volumes, exclusive of the col- 
lection of about 11,000 nursery and seed trade catalogues. 

Catalogue of the library of the royal botanic gardens, Kew (up to 1898). Bull, of 
Misc. Inf. Hater as Kew Bull.l. Additional Series III, 790 pp. London, 1899. 
Supplement ( 1898-1915), 433 pp. London, 1919. 

A convenient catalogue in 1 volume accounting for general works, travels, 
periodicals, serials, and manuscripts; arranged within each of these groups 
alphabetically. The majority of taxonomic works (through 1897) are listed, 
and the catalogue is a source of complete author name, unabridged titles, size 
and number of volumes, and dates of publication. The supplement lists entries 
received, and usually published, during the period 1898-1915. 

The Lindley Library. Catalogue of books, pamphlets, manuscripts, and drawings. 
487 pp. London, 1927. 

A catalogue enumerating the holdings of the Royal Horticultural Society’s 
Lindley Library up to 1926. 

Review serials are periodicals, usually issued at regular intervals, that 
provide either (1) a bibliography of current literature of a particular 
subject, (2) an abstract of papers or books in special fields, (3) reviews 
of titles of current literature, or (4) any combination of these functions. 
In evaluating their treatments it is well to remember that an abstract is 
a brief factual summary of a paper, frequently prepared by its author, 
whereas a review is an often critical appraisal and evaluation of the 
paper, and is by a person other than the original author. Most major 
botanical periodicals provide bibliographies (annotated or otherwise) of 
current literature pertinent to interests of subscribers. This is especially 
true of such serials as 

Bulletin of the Torrey Botanical Club 
Bulletin de la societe botanique de France 
Nuovo ftiornale bctanico italiano 
Lingan Science Journal 
Acta phytotaxonomica et geobotanica 

Other periodicals arc devoted in whole or major part to the subject 
of abstracts or summaries of botanical works and papers and are ac- 
counted for below with annotations. 

Biq[. Abstr. Biological abstracts; a comprehensive abstraciing and indexing 

JOURNAL of the WORLD’s LITERATURE IN THEORETICAL AND APPLIED BIOLOGY, 
EXCLUSIVE OF CLINICAL MEDICINE. Philadelphia, 1926+. 

Bot. Abstr. Botanical abstracts; a monthly serial furnishing abstracts in 

THE INTERNA! lONAL FIELD OF BOTANY IN ITS BROADEST SENSE. Baltimore, 1918- 

1926. 
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Hot. C'entralbl. fBot. Zbl | Boianischks Clni ralblati; referifrendes Organ 
I UR DAS Gesamigebilt oer Bofanik. Jena, 1880-h. 

Sometimes catalogued as Botanisches Zentralblatt. Abstracts of world botani- 
cal literature, arranged by subject groups and indexed by authors. Text in 
Ciciman 

Bot Jahib. Fngler I Bot. Jb.l Botanischl Jahrbucher f ur Sysiemaiik, Pflan/en- 
GiscHiCHiE UND PFLANZENGEOGRAPHiL. Foundcd by A. Englcr. Leipzig, Stutt- 
gart, 1880-f. 

A general taxonomic periodical with a review of literature (abstracts) ter- 
minating each volume Text in German. 

Just’s Br.t. lahrb. Must's Jber.l Just’s boianischer Jahrlsbericht. Vols. 1-10 as 
Binapischor Jahresbericht. 1873 + . 

Abstracts or summaries of world botanical literature. Arranged by major 
subject groups, indexed by subject and author. Text in German. 

Periodicals 

A periodical, or serial, is a publication appearing usually at regular 
intervals. Each issue is called a number, or sometimes is termed a fascicle 
(Heft in German). Collectively these numbers or fascicles comprise a 
volume {Band in German). In the case of periodicals appearing at regu- 
lar intervals — biweekly, monthly, or quarterly — a volume usually com- 
prises the issues of a calendar year. Scientific periodicals usually arc 
sponsored either by a scientific organization, such as a learned society, 
or an educational or nonprofit research institution, such as a university 
or museum. 

Sponsors of periodicals often publish more than one serial. A society 
may publish a monthly serial to provide a source of publication for a vari- 
ety of relatively short papers contributed by its members, together with 
records of its own proceedings. Such a periodical is usually entitled Jour- 
nal, Annal, Bulletin, or Proceeding. The same society also may publish 
at much less frequent intervals another serial to account for longer and 
more monumental works, often by a single author, such as monographs 
or floras. These are often entitled Memoirs or Transactions. To illustrate 
these situations, two publications of the Torrey Botanical Club (New 
York) are the Bulletin of the Torrey Botanical Club and Memoirs of 
the Torrey Botanical Club. 

The titles of some periodicals are long, and in citing them it is cus- 
tomary to abbreviate or condense them. Unfortunately, there is no uni- 
formity of practice in this country as regards their abbreviation, and to 
one not familiar with the periodical literature this multiplicity of abbrevi- 
ations may be confusing. A very excellent listing of a large number of the 
botanical periodicals of the world and their abbreviations is to be found 
in Merrill and Walker’s A bibliography of eastern Asiatic botany (pp. 
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xiii-lii), and in Rehder's Bibliography of cultivated trees and shrubs. 
Another of more restricted scope is that by Schwarten and Rickctt (Bull. 
Torrey Bot. Club, 74: 348-356, 1947). 

American students of taxonomy should know that there are American 
periodicals devoted in whole or in part to papers dealing with systematic 
botany; the advanced student of necessity should have an acquaintance- 
ship with these. It should be appreciated also that the American serials on 
this subject constitute but a small fraction of the world's periodical 
literature of taxonomic publications. There are nearly 1000 dilTerent 
periodicals regularly containing articles on systematic botany. Some ot 
these periodicals, containing articles pertinent to taxonomy of American 
plants, are published outside the New World and in languages other 
than English. 

The number of botanical serials is so great that probably no library 
contains complete sets of them all. When a local library does not have 
a desired serial, or a particular volume of a serial, it is necessary ( 1 ) 
to borrow that volume, (2) to visit a library known to possess it, or (3 ) 
to obtain a photographic copy such as a microfiln or photostat. In 
determining what libraries have the desired volume, reference is made to 
the current edition of the Union list of serials, a standard reference 
work possessed by almost all leading civic and institutional libraries. In 
this work, all periodicals of the world catalogued by American libraries 
arc listed alphabetically. Under each listing are given, in abbreviated form, 
the names of all American libraries known to have the serial and, when 
the set is incomplete, the volumes available at the particular library. A 
British publication of the same plan is A world list of scientific periodicals, 
published in the years 1900-1933 (Oxford Univ. Press, London). This 
work enumerates 24,029 periodicals with standard abbreviations, and 
states in which of the main British libraries they can be found. 

Library card catalogues usually cite full titles when indexing periodi- 
cals. However, botanists generally use the abbreviated form of the title 
in citations and bibliographies, and for this reason it is necessary to know 
the full title as catalogued. Because of this, there arc given below 3 an- 
notated lists, each with the usual abbreviated title, and the full title, of 
the more significant serials that deal in whole or in part with the litera- 
ture of systematic botany. The first list is that of American periodicals. 
The second is a short selected list of those Old World periodicals believed 
most frequently consulted by American students of taxonomy. The third 
is of periodicals important in studies of the systematics of cultivated 
plants. 



310 


PRINCIPLES AND PRACTICES OF PLANT TAXONOMY 


In the listings that follow, abbreviations given for periodicals are for 
the most part those used by Merrill and Walker.'* Libraries differ widely 
in the method of cataloguing titles of periodicals and too often fail to 
cross-index titles under the various possible headings. In general, if a 
periodical is published by a municipal or government institution (as a 
national museum ) it is catalogued under the name of the sponsoring 
country or city; likewise, if by a society, academy, or educational institu- 
tion, it v/ill be catalogued under the title of the organization, which may 
in turn be placed under the name of the city where it has its seat. For the 
purpose of uniformity in listing the periodicals that follow, the abbre- 
viated form is given, followed by the full name of each. When this name 
is known to he at variance with the listing in catalogues of our larger 
libraries an alternative title also may be indicated. Students may find 
Russian periodicals especially confusing, since not only have titles 
changed completely with changes from a tsarist to a soviet regime and 
the official language of scientific publications changed from French to 
Russian, but names of cities also have changed (as St. Petersburg to 
Leningrad, etc.). It is sometimes necessary to enlist the aid of library 
personnel in locating titles of such periodicals in a given card catalogue. 

The list of New World serials of taxonomic botany enumerated below 
makes no claim for completeness. Some arc national in scope, others 
contain taxonomic articles primarily of regional interest. Most of the 
entries are currently published, and for these the first year oF issue is 
cited and the plus sign ( F ) is given after the date. Other serials are no 
longer published, a fact indicated by the date of last publication. Forty- 
eight of these periodicals arc North American, and 6 are Central or 
South American in origin. 

Amer Fern Joiirn. lAmcr. Fern J.l Amlrican fern .journai. 1910-L. 

Published by the American Fern vSociely 
Amor Jouin. Bot I Amer. J. Bot. I American .iournae of botany. 1914+. 

Published by the Botanical Society of Amciica. 

Amer. Midi. Nat. .Amfrican midland nathralisi; dlvoied to natural history, 
PRIMARILY iHAi OL I Hh PRAIRIE s I A I hs. Notrc Damc, Ind , 1909 + . 

Anal Inst. Biol I Mexico). I An. Inst. Biol. Univ. Mex.1 Analls dll instituto de 
B lOlOCilA, UNIVLRSIDAD DL MfxiCO. McXlCO, 1929 4 . 

•’ British botanists for the most part follow the abbieviations suggested in the British 
World List of Scientific Periodicals (indicated here in square brackets when diffeiing 
from American usage). 

It IS to be hoped that a set of abbreviations may soon be published that have been 
agreed upon by a committee representing international interests. These abbieviations 
“should shorten any abbreviated word by at least 3 letters, they should be clear and 
definite, and they should be intelligible to the inexperienced person of a nationality and 
language other than that represented by the abbreviated title.’’ Most bibliophiles are 
agreed that 1-word periodical names (as Brittonia) should not be abbreviated 
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Ann. Mo. Bot. Card. I Ann. Mo. hot. G'dn.l Annals of fhf Missouri boi\nical 
GARDEN. St. Louis, Mo., 1914-l . 

The Annual Report of the Diiector of this garden issued 1889-1911 con- 
tains many important taxonomic papers. 

Bartonia. Barionia. Proceedings of mt Philadelphia boianical club. 19()8-h. 
(Publication suspended during 1915 1923 ) 

Bishop Museum Bull. I Bull. Bishop Mus., Honolulul Buileiin oi ihh Bi rnk i P. 
Bishop museum of Polynesian i ihnoloco and naiural hisiory. Honolulu, 
1922-f. 

Bishop Museum Mem I Mem. Bishop Mus., Honolulul Memoir ol iiii Bi rnici P. 
Bishop muskum ol Poiynisian lihnoiogy and naiural hisiory. Honolulu, 
1899 + . 

Bot. Gaz. Boianical gazftie Crawfordsville, Ind.. 1875 + . 

Bot. Rev. Botanical review; inlerpreiing boianicai progress I ancaster. Pa, 
1935 + . 

Briltonia. Briitonia; a series of boianicai papers. New York, N. Y., 1931 +. 
Published by the New York Botanical Gaiden. 

Bull. Biol. vSoc. Wash. Bui eftin ol ihl biological society ol Washing ion. Wash- 
ington, D. C , 1918 1. 

Bull. Calif. Acad. Sci. Bui lit in ol ihl Caeilornia academy oi scii nces San 
Francisco, 1884-1887. 

Bull. Mo Bot Gard. IBull. Mo. Bot G’dn.l Bueeftin oi the Missouri boianical 
GARDEN. St. Louis, Mo., 1913T. 

Bull. Torrey Bot. Club IBull. Torrey Bot. Cl. I Buleeitn of the Torrey boianical 
ctub. New York, N. Y., 18704-. 

Caldasia. Caldasia. Instiluto de ciencias naturales, universidad. Colombia, 1941 

Canadian Field-Nat. ICanad. Field Nat.l Canadian liei d-nai uraeisp. Ottawa, 
Ont., 1887 + . 

Published by the Ottawa Field Naturalists* Club, and from 1887-1919 as 
the Ottawa Naturalist. 

Castanca. Castanea. Morgantown, W. Va., 1936 + . 

Published by the Southern Appalachian Botanical Club, and from 1936- 
1937 as the Journal Southern Appalachian Botanical Club. 

Cii ytonia Clayionia. Lynchburg, Va , 1934-1939. 

Superseded by The Virginia Journal of Science. 

Contr. Biol. l.ab. Cath. Univ. Amer. Con iribui ions from ihe biological lab- 
oratory OF the catholic universiiy of America. Washington, D. C, 
1915 + . 

Contr. Bot. Lab. Univ. Penn. I Contr. bot. Lab. Univ. Pa.l Contribui ions from 
the botanical laboratory and the morris arboretum of the university 
of Pennsylvania. Philadelphia, 1892+. 

Contr. Dudley Herb. Con iribut ions from the Dudley herbarium. Stanford 
University, Palo Alto, Calif., 1927 + . 

Contr. Gray Herb. I Contr. Gray Herb. Harv. I Contribuitons from ihi: Gray 
HERBARIUM, HARVARD UNIVERSIIY. Cambridge, Mass., 1891 +. 

Contr. inst. bot. univ. Montreal. Coniribui ions de l’instiiup botanio l de 
L’uNIVERSITE DE MONTREAL. 1922-f. 

Published as Contributions de le laboratoire de botanique, 1922-1938 

Contr. U. S. Nat. Herb. Contribui ions from the U. S. national herbarium. 
Smithsonian Institution, Washington, D. C. 189()-f. 

Volumes 1-7 published by the U. S. Dept, of Agriculture. 

Darwiniana. Darwiniaka. Buenos Aires, 1922-f 

Published by the Instituto de botanica Darwinion, academia nacional de 
ciencias exactas, fisicas y naturales. 
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HI Aliso. El Aliso; a series oe papers on ihe native plants oi California. 

Rancho-Santa Ana Botanic Garden, Anaheim, Calif., 1948 + . 

Hiythrea. Hryihrea; a journal oe botany, wesi American and general. 
Berkeley, Calif , 1893 1900, 1922-1938. 

Field Mils Bot. (Field Mus. Publ. Bot.l Field museum of naiural history, bo- 
iank'al series. Chicago, 111, 1895 1943. 

Published by the C hicago Natural History Museum, foimeily the Field 
Columbian Museum, 1894 1908, and later the Field Museum of Natural 
History, 1908-1943. 

(ientes Herb [Gentes Herb., Ithaca] Genus Herbarum; occasional papers on 
ihe kinds oe planes Ithaca, N. Y., I920-f 
Published privately by L H Bailey 1920 1934, and subsequently by the 
Bailey Hoitorium, ( orncll University, 1935 4 
lourn. /Kcad. Sci Philadelphia U Acad. nat. Sci Philad I Journal of ehe acad- 
I \iY OE naiural scilnci s OI Phii \dllphia Ser. 1, 1817 1842; sci 2. 1847 
1918. 

louin. Arnold Aib |J. Arnold Arbi Journal r)F thf Arnold arboretum. 

Harvard Uuiv., Jamaica Plain, Mass, 1919 f. 
lourn Flisha Mitchell Soc. 1 1 Hlisha Mitchell sci soc.l Journal oe ihe Elisha 
Miichlil scieniific sociliy C hapel Hill , N. C., 1883 + . 
louin So Appal Bot. C lub see undci Castanea 

louin Washington Acad vSci IJ. Wash Acad Sci. I Journal oe the Washington 
ACADEMY OE SCI! NCI. Washington, D C' , 191 1-b. 

I cal'! West Bot. Ieaeleis of wlsilrn boi\ny; a publicaiion on ihe exc^tic 

I I ORA OI (aI II ORNIA AND ON IHE NA I IVI El OR \ OF WFSIERN NoR I H AMERICA 

San Francisco, 1932-I-. 

I illoa Liiioa: rivisia de poianka Instituto Miguel l.illo, iinivcrsidad nacional, 
I ucuman, 1937 1 . 

Lloydn IiovDiA, A QUARIERL'V louRNAi OI BIOLOGICAL SCILNCI. Lloyd Library, 
( incinnati, 1938 i 

Madioho. Madrono. San Francisco, 1916-}-. 

Published by the C'alifoinia Botanical Society. 

Mem Call! Acad Sci. Mi moir oi ihi Galiiornia academy of sciences. Vols 
I 5. San I rancisco, 1868 1905. 

Mem Ciiay Hcib. I Mem. Gray Heib. Harv.l Mi moir i rom ihl Gray herbarium. 
Harvard universiiy. Cambridge, Mass, 1917 + . 

Mem. Loiiey Bot Glub I Mem Toney Bot Gl I Mi moir of ihi Torrey boiani- 
cai (I ub. New Yoik, N > , 1889 } . 

Muhlenbeigia. Muiillnblrgia. Vols I 10. Los Gatos, C'alif., 1900 1915. 

Gccas. Papers Galif Acad. Sci Occasional pvplrs oi ihi California academy 
OI sc II NC'i s San Fiancisco, 1890 1. (Suspended 1906 1921). 

Physis PiiYsis Buenos Aires, 19l2-( . 

Published by the SiKiedad aigentina de ciencias natuiales. 

Phytologia Piiv loi ogia. New York, N. Y., 1935 t 

Proc Acad Sci Philadelphia. I Pri^c. Acad nat sci Philad. 1 Proceedings oe the 

\C ADI sn OI NAIURAI SC 11 NC IS OF PHII Ai)l LPIIIA 1841 I 

Proc Biol Soc Washington Proceedings oi ihl biological sociliy of Wash- 
iNc.roN Washington, O. G., 1880-f. 

Proc C'alif. Acad. Sci. Proci ldings oe the C^aiiiornia acadi.my of sciences. 
San FiaiKisco, sei. 1, 1854-1876; ser. 2, 1880-1896; ser. 3 (as Botany), 1897- 
1904; ser 4, 1907 } . 

Proc. Washington Acad. Sci |Pro Wash. Acad. Sci.l Proceedings of the Wash- 
ingion acadimy of scienci . Washington, O C., 1899-1911. 
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Rhodora. Rhodora. Boston, Mass., 1 899 + . 

Published by the New England Botanical Club. 

Rodngucsia. RoDRicut sia. Instituto de biologia vegetal; jaidim botanico, estayao 
biologjca do Itatiaya. Rio de Janeiro, 1935 b. 

Toney a. Torrlya; a monthly journal of botanical noils and nlws New 
York, N Y., 1901-1945. 

Published by the Torrey Botanical Club, and incorporated in the Bull. 
Forrey Bot. Club in January, 1946, under a section by itself but without 
separate pagination. 

Univ. Calif. Publ. Bot. UNivrRsiTY oi Caliiornia PUBLicAnoNS in botany. 
Berkeley, 1902 + . 

Va. Jouin. Sci. Virginia journal of scilncl. Charlottesville, Va., 1940+ 

Formerly titled Clayfonia. 

Wiightia. Wrightia. Southern Methodist University. Dallas, Texas. 1945 + . 

The list of Old World serials given below accounts only for those of 
major taxonomic significance, and contains relatively few titles selected 
from a lengthy bibliography. Fifty-eight are of European, 4 of Asiatic, 
and 5 of African origin. 

Abh. Vkad Wiss Berlin lAbh. preuss. Akad. Wiss.I Abhandlungln pkLussischf. 

Akadlmir ulr Wisslnschai iln Beilin, 1804-1907. 

Abh Akad. Wiss., Munchen. (vSame as Abh. bayei. Akad. Wiss. Math -nat., 
which sec.) 

Abh baycr. Akad. Wiss. Math -phys. Abhandlungi:n bam Rise hi Akadlmir dlr 
Wisslnschai ILN. Maihi mai isch-phvsikalisc iil Klassl. Munich, 1829 f. 

A h 7ooI -bot. Cjcsell. Wien lAbh. zool -bot. Ges Wien) Abhandlungln /oolo- 
(Js; H-BOI ANISCHL Gl SLLI sc HAI I IN WiLN IVlCIinal, 19011. 

Acta horti Gotoburg Acia hokii CiOIoburgi nsis. Botaniska tiadgaid, Gothen- 
berg, Sweden, 1924 + . 

A'ta horti Petrop. Acta horti Pliropolii ani . . . Trudy imperatorskago S 
Petersburgskago Botanicheskago Sada. Leningrad, 1871 1931. 

Act i iiniv. Lund. Acta univlrsiiaiis Lundensis University of Lund, Sweden, 
1864-1904. 

Allg. bot. Zeit.schr. [Allg. bot. Z.] Aliglmlinf boianischl Ziiischrim fur 
Sysilmaiik, Florisiik, und Pflan/lnglogkaphil. Karlsruhe, 1895-1927 
(suspended 1920-1925). 

lies soc. espah. hist nat. I An. Soc. csp. Hist. nat.J Anai i s de soctldad fspanola 
DE HisroRiA NATURAL. Madrid, 1872-1901. 

Ann. Bolus Herb. Annais of the bolus hlrbarium and library. Univeisity of 
Cape Town. Cape Town, 1914-1 . 

\nn. mus hist. nat. (Pans). Annales du museum national d’hisioiki: naiu- 
RLLLE Pans, 1802-1913. 

/vnn. naturhist. Mus. Wien. [Ann. naturh. Mus. Wien.] Annalln di s naiur- 
HisTORiscHES Hofmusfum. Wieii (Vienna), 1886 f. (Sometimes catalogued 
as Konigliches naturhistorisches Hofmuseum in Wien, Annalen ) 

Ann SCI nat. Annales dls sctfnces naiurellls. Paris, 1824-1833. Scr. 11. Bot. 
1834+ (in several senes). 

Beih bot. Centralbl. [Beih. bot. Zbl ] Beihli il botanischls Ceniralblai r, 
1891 r. (Sometime catalogued as Botanischcs Zentralblatt, Beihefte ) 

Beih Repel t. sp nov. Fcddc. Beihefte, Repertorium spfcilrum novarum rlgni 
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VHiETABJLis. Leipzig, 191 l-f. (Fedde in above abbreviation refers to Dr. F. 
Fedde, the founder ) 

Her. Akad. Wiss Berlin. [Ber. preuss. Akad. Wiss ] BhRicnn. prlussischfr Akad- 
IA 1 IK DIR WissLNsrHArihN. Berlin, 1836 1855 

Bibl. bot. IBibl. bot. Stuttgart 1 Bibliotheca botanica. Stuttgart, 1886 + . 

Biol Medd. Dansk Vid. Biolooiske mfddllij slr d\nskf vidlnskabfrnfs 
SI I sKAB Copenhagen, 1917 + . .Sometimes catalogued under (Kongclige) 
Danske Videnskabernes Selskab, Del, Biologiske Meddelelser. 

Bliimea Bi ijmi a, iudschrifi voor de systf:maiii k ln dl glograf if her i>lanii:n. 
Rijksherbarium. I.eiden, 1934 I . 

Boissiera Boissii ra. Conservatc.ire de botanique, Geneva, 1936 I . 

Bol. soc. brot. Boleiim ita sociloade broilriana. Coimbra, Portugal. Ser. 1, 1880- 
1920; ser. 2, 1922 f . 

Bol soc. espah hist, nat IB Soc. esp. Hist, nat I Boli iin de sogiedad fsfanoea 
i)i iiisioRiA NAi URAi . Madrid, 1901+. 

Bot. Ccntialbl I Bot. Zbl.l Botanisches Ceniraeblai i Jena and Dresden, 18804-. 

Bothaha. Boihaha. National Heibarium, So. Africa Pretoria, 19214. 

Bot lahrb. Fnglei. [Bot. Ib | Boianischf Jahrbechi r fur Sysiimaiik, Pfean- 
/I NGESCHK HIE UNI) PlEANZENGl OGRAF»HII . Lcip/Ig, 1880 + . 

Founded and edited by Adolph Englcr. Each volume contains 1 or moie 
separately numbered and paged appendices tilled Bciblalter and Liteiatur- 
beiicht. 

Bot Mag sec Curtis’s Bot. Mag., p. 317. 

Bol. Mag. ( Fokyo). I Bot. Mag., Tokyo! Boianicai magazine. Tokyo, 18874-. 

Published by the Tokyo Botanical .Society, and beginning with vol. 46 
(1932) the Botanical Society of lapan. Text in Japanese and western lan- 
guages 

Bol. Notiser. Boianiska notiser: Lunds bofaniska iorfning. University of Lund. 
Lund, Sweden, 1839 I . 

Bot /eit. (Bot. /tgl Boianischi /iiiung Beilin, 1843 1910 

Bull herb. Boissicr Bulefiin de i'Herbifr Boissifr Gfnfve, Chambesy, Switzer- 
land, 1893 1899; ser. 2, 1901 1908. (Continued as the Bulletin de la socictc 
botanique de Cieneve ) 

Bull mils lust nat (Pans). Buiimin du museum nationae d’hisioire nat- 
URiEii. Pans, 1895 1928; ser. 2, 1929 F. 

Bull. soc. bot Fr. Bui i f iin de fa socif if boianiqui di Franc e. Paris, 1854 + . 

Bull soc. bot. Geneve Bumeiin df ia socif'tf botaniquf df Ginf've. Geneva, 
1878- 1905; ser. 2, 1909 \ . (Title of Ser. 1, Bulletin des iravaux de la societe 
botanique de Geneve.) 

Bull soc. hist nat Afr. nord. Bueeetfn de ea societe d'hisioire natureeee de 
i 'Ai RiQUi. DU nord Algiers, 1909 + . 

C'andollea C'andoei fa. Geneva, 1922 + . (Supersedes Annuaire, Geneve conserva- 
toire et jardin botanique ) 

Danske Vidensk. Biol. Medd see under Biol. Medd. Dansk. Vid. 

Danske Vidensk. Selsk. Skr Danske vfdfnskabfrnes Sfi^skabs skrffter natur- 
viDF nskabf I IG OG MAiHi.MATisK Afdfi ING. Copenhagen, 1824+ (in many 
series). 

Denkschr. Akad Wiss Math. -nat. (Wien). Denkschrii ten der Akademfe der 
W lSSlNSCH\F IFN IN WiEN, MaTHFMAT ISCH-NA FURWISSENSCHAF I LICHE KLASSE. 

Wicn I Vienna I, 1850+. 

Fedde Repert. see Repert. spec. nov. Fedde. 

FI PI. So. Afr. (Flower. PL S. Afr.] Flowering plants of South Africa. Jo- 
hannesburg, 1920+. 
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Since 1947 the title has become Flowering Plants of Africa. A botanical 
periodical of hand-colored plates with descriptions of the flowering plants 
indigenous to Africa. 

Flora. Flora, odfr allgemline boianischc Zeitung. Jena, 1818 + . 

Published by the Bayerische botanische Gesellschaft, Regensburg. During 
much of the period of issue, each volume contained a separately paged part 
known in various periods as, Blilagi (1819 1830), Bliblafter (1832 1844), 
Blsonderh Bfilage (1843 1844, 1850-1858), or Reperforium (1864-1872). 

Fortschr. Bot. IFoilschr. Bot Beil.l Foris('Hritfe der Botanik. Berlin, 1931-f. 

Goteborgs Bot. Trad. Goilborgs bofaniska fradgArd. Same as Acta horti Goth, 
which see. 

Hook. Bot. Misc. Hooker’s boianical miscellany. London, 1830-1833. Con- 
tinued as Hooker’s Journal of Botany. 

Joiirn Bot. IJ. Bot. Lond.l Journal of boiany, British and forfign. London, 
1863-1943. 

Journ. Jap. Bot. IJ. Jap. Bot.l Journal of J\panese boiany. Tokyo, 1916 + . 

Journ. Linn. Soc. Bot. (Lond.). IJ. Linn. Soc. Bot.] Journal of ihe Linnean 
society, botany. London, 1 855+. 

Journ. So. Afr. Bot. IJ. S. Afr. Bot.l Journal of South African botany. Cape 
Town, 1935 + . 

K. bayer. Akad. Wiss. Math.-nat (Same as Abh bayer. Akad., etc., which see.) 

Kew Bull. Kew bullf/iin. Royal Botanic Gardens. Kew, England, 18874 . (For- 
merly titled Bulletin of Miscellaneous Information.) 

Konig. Danske Vidensk. Selsk. Skr. see under Danske, etc. 

Leningrad Glav. bot. sad. Trudy. Leningrad Glavnyi botan’scheskii Sada Trudy. 
(Same as Acta horti Petrop., which see.) 

Lignan Sci. Journ. (Lignan Sci. J.l Lignan university, science journal. Cantor, 
China, 1923 + . 

Linnaea. Linnala. Ein Journal fur die Bofanik in ihrem ganzen Umfange. 
Berlin, 1826-1866; n.s. 1867-1882. 

Subtitle varies, merged with Jahrbuch, Universitat botanischer Gar fen. 
Berlin. 

Magyar Bot. Lap. lUng. bot. Bl.l Magyar Botanikai Lapok (Ungarischf 
BoiANiscHE Blatter). Budapest, 19024 . 

Mea. Rijks Herb. Leiden. IMeded. Rijks-Herb.l Mededeelingen van’s Rliks 
Herbarium. Leiden, 1910 1933. 

Published by the Rijksuniversiteit, Leiden. Superseded by Blumla. 

Meddel. Goteborgs Bot. Trad. Meddelanden goieborgs botaniska iragArd. 
Same as Acta horti Gotoburg, which see. 

Mem. Acad. Sci. St. Petersb. Memoires de l’academie imperiale des sciences de 
St. Petersburg. Leningrad, 1728 + . 

Recent volumes published under the Russian title, Trudy SI. Flora i sys- 
lematika vyshikh rastenii. 

Mem. soc. bot. Fr. Memoires de la socieie botanique de France. Paris, 1905 + . 

Monatsber. Akad. Wiss. Berlin I Mon. preuss. Akad. Wiss.l Monatsberichte 
PREUSSISCHF Akademie DER WissENSCHAFTEN. Berlin, 1865-1881 

Notes Bot. Gard. Edinburgh. I Notes R. bot G’dn. Edinb.l Notes from the royal 

BOTANIC GARDEN, EDINBURGH. Edinburgh, 1900+. 

Nuovo gior. bot. ital Nuovo giornale boianico ifaliano. Firenze, 1869-1893; 
n s. 1894 + . 

Published by the Societa botanica italiana. 

Proc. Linn. Soc. (Lond.). Proceedings of the Linnean society of London. Lon- 
don, 1838 + . 
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Rep. Hot. Soc Hxch. CL Rlport oi- the botanical (society and) exchange 
( Li'B OI IHF Briiish IsLhs. Manchester, England, 1862-1947. Succeeded by 
Watson la 

Reperl sp. nov. Fedde I Repert. nov. Spec. Regn. Veg 1 Rf-pertorium splcierum 
NOVARIJM REGNI VEGE I AUILIS', HERAUSGFGEBEN VON PrOFLSSOR Dr. PHIL. 
Lkiidrkh Fi DDF Bcrlin-Dahlcm and Leipzig, 1905 + . 

Repeil sp nov. Fedde, Beih. Replriorium splciercm novarum regni vegeia- 
Bii IS HlrausciLGebln von Professor Dr Phil. Friedrich Fedde. Beihefie. 
Bei lin-Dahlem and Leipzig, 191 1+. 

I nis serial is distinct irom the preceding. 

Sitz Akad. Wiss. Berlin. I Sitz. preuss Akad. Wiss.l Sitzungsberichfe preussische 
Akadlmil der Wissenschaf I ln. Berlin, 1882-1921. 

Sitz. Akad W'lss Math -nat (Wien ). Siizungsblrichte dlr Akademie der Wissen- 
SvHafien in Wien, Maihemaiisch-naturwissenschaitliche Klasse. Wien 
I Vienna I, 1848 4 . 

Sit/, baycr. Akad. Wiss. Math. -nat. Sitzungsberichie bayerische Akademie der 
W lSSLNSCHAl TFN, M A I HEM ATISCH-PHYSIKALISCHE KLASSE. Munchen, SCr. 1, 

1871-1913; ser. 2, 1914 4 . 

Siinyatsenia. Scnyaisenia. Journal of the Botanical Institute, College of Agricul- 
ture, Sun Yat Sen University, Canton, China, Canton, 1930+. 

Svensk Bot. Tidskr. Svensk botanisk tidskrifi Stockholm, 1907 + . 

Trans Linn Soc. Bot. (Lond.). Transactions of the Linnean society of Lon- 
don Bo I ANY London, 1875 + . 

Ung bot Bl. Ungarischf botanische Blapier. Budapest, 1902 + . 

This IS the German title of Magyar Botanikai Lapok. 

Verb /ool -bot. Ges. Wien. Verhandlungen der K. K. zoologisch-botanischen 
Cii SFi I s( HAF r IN WiLN 1 Vienna). Vienna, 1851 + . 

Lhe letters “K. K.” (Kaiserlich-Koniglichen) were included in the title only 
for vols. 8 (1858) to 67 (1918). 

Watsonia Waisonia. Journal of ihe botanical society of the British Isles. 
Oxford, 1949 + . 

Successor to Rep. Bot. Soc. Exch. CL 

It is with some reluctance that perio(3icals concerned primarily with 
systematics of cultivated or economic plants arc here treated separately. 
The taxonomist who deals with the taxonomy of cultivated plants makes 
regular use of the serials listed above and in addition must be thoroughly 
cognizant of papers published in periodicals such as those listed below. 
There can be no valid distinction between taxonomy of indigenous and 
of cultivated plants. The systematist of indigenous plants merely makes 
less use of the world’s literature than does the systematist of cultivated 
plants who must be conversant with all literature dealing with the kinds 
of plants irrespective of their immediate origins. Taxonomic literature 
restricted to cultivated plants is not voluminous, and periodicals that deal 
primarily with indigenous plants may treat cultivated plants also (as is 
true of Curtis’s Botanical Magazine and Gentes herharum). Serials most 
frequently used in taxonomic studies of cultivated plants are as follows 
(exclusive of those devoted wholly to special families or groups). 
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Addisonia. Addisonia. New York, 1916 

Belg. hort. La Belgique horiicole, journal des jardins, des serres li ms 
VERGERS. Licgc, 1 850-1 885. 

Bol. Mag., see Curtis’s Bot Mag 

Bot. Reg. The botanical register. London, 1815 1847. 

Sometimes known as Edwards' botanical register, in honor of its first editor. 
Bull. Alpine Card. Soc. I Bull Alp. G'dn Soc.l Quarilrly bulli iin oe ihl ai pine 
GARDEN society OF Grlal BRITAIN WallingtoB, England, 19304-. 

Curtis's Bot. Mag. Curtis's boianical magvzine London, 17844 . 

Deutsche Gart -Zeit Dlu isc he Gari ni r-Zeii ung Ziniraibiaii elir das gari ni r- 
iscHh Fortbildungswesen in Dluisc hland. Erfuit, 1877-1885. (C'ontinued 
as Mollcr’s deutsche Gartncr-Zeitung. ) 

FI. des serres. Flores des serres li di s jardins de l'Europl. Ghent, 1845-1880. 
Floral Mag. The iiorai magazine: comprising i iguri s and discripiions or 
popui AR GARDEN I LOWERS London, 1860-1871; n.s 1872 1881. 

Gard. Chron. IG'dners Chron.l The gardeners’ chronicle. London, 1841 1873; 
scr. 2, 1874 1886; scr. 3, 18874 . (NcH to be confused with the Gardeners’ 
chronicle of America, a wholly different serial.) 

Gartenflora. Garienflora; Zeiischrift fur Garten und Beumenkundi . Berlin, 
1843-1851; n.s. 18524-. 

Herblriia. Yearbook of the American amaryllis socieiy. Oilando, Fla., 
19344-. 

The first 2 vcMumes known only as Yearbook of the American Amaryllis 
Society. The name of the society changed in 1944 to American Plant Life 
Society, 

Hook, icones. I Hook. Icon. Plant. 1 Hooker’s icones plantarum. Royal Botanic 
Garden. Kew, England, 18374-. 

Illustr. Gart. -Zeit. Ii.lustrierie Gari enzlii ung; eine monatliche ZEirscHRiin' 
FUR Gartenbau und Blumenzuche. Berlin, 1856-1887. 

Journ Roy. Hort. Soc. 11. R. Hort. Soc.l Journal of the royal HORricuLiURAL 
SOCIETY OF London. London, 1845-1855; n.s. 1866 4-. 

Kew Bull, Kew bulletin. Royal Botanic Gardens. Kew, England, 1887 f. For- 
merly titled. Bulletin of Miscellaneous Information. 

Lodd. Bot. Cab. Loddiges’ boianical cabinli; consisiing of coloured delinea- 
tions OF PLANTS FROM ALL COUNTRIES ... BY CoNRAD LoDDIGFS & SoNS. 
London, 1817-1833. 

Mollcrs Gartnerztg., see under Dcutsch. Gart. -Zeit. 

Nat. Hort. Mag. National horticultural magazine. Washington, D. C., 1922 4-. 

Published by the American Horticultural Society. 

Paxt. Mag. Bot. Paxton’s magazine of botany, and register of flowering 
plants. London, 1834-1849. 

Rev. hort. [Rev. hort., Pansl Revue horiicoi.e. Paris, 18294-. 

Rev. hort. beige. I Rev. Hortic., Brux.l Revue de l’horticulture belge et 
eirangere. Ghent, 187.5-1914. 

Glossaries and dictionaries 

A glossary is an alphabetical enumeration of terms together with an 
explanation of their meanings, whereas a dictionary is one of words 
pertinent to its subject matter. Almost all modern manuals, and many 
floras, include a glossary of the botanical terms employed. Several com- 
prehensive and nearly all-inclusive glossaries have been published as 
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separate works of definitive character. Those of particular value to Eng- 
lish-speaking taxonomists are cited below. Another usually reliable source 
for the explanation of technical botanical terms is an unabridged dic- 
tionary such as Webster’s, the Century, Funk and Wagnalls’, or the 
Oxford Dictionary. 

Easiv-oop, a. Excerpt from illustrated dictionary of botanical terms by John 
Lindley, Ph.D., F.R.S. 1848. Privately reprinted, San Francisco, 1938. 

A glossary comprising a 4()-page excerpt from Book III of Lindley’s Intro- 
duction to Botany (pp. 346-383), giving definitions and Latin equivalents for 
over 600 terms and illustrations of about 350 terms. The availability of Latin 
equivalents is of aid to the publishing systematist seeking correct equivalents of 
terms, especially for the gradations of color (over 85 latinized color terms 
given),* texture, vesture, variegation, etc. 

Gii beri-Carilr, H Glossary of the British flora. 79 pp. Cambridge, England, 
1950. 

This glossary includes generic names and trivial epithets of Latin names of 
British plants, and is of especial value for the critical attention given to the 
pronunciation and meaning of each name. 

Gray, A. wStructural botany, or organography on the basis of morphology. To which 
are added the principles of taxonomy and phytogeography and a glossary of 
botanical terms. 442 pp. New York, 1879. 

A standard reference, now out of print, of value for the thoroughness and 
clarity with which gross morphological features of vascular plants are 
presented. 

Gray, A. Gray’s lessons in botany. The elements of botany for beginners and for 
schools. 226 pp. New York, 1887. 

One of the best, reasonably priced annotated glossaries of structural botany. 
Copiously illustrated with line drawings. 

Jackson, B. D. A glossary of botanic terms; with their derivation and accent, ed. 4. 
London, 1928 

The standard English language botanical glossary. Latin equivalents accom- 
pany most of the several thousand terms defined. 

Willis, J. C. A dictionary of flowering plants and ferns, ed. 6. Cambridge, England. 
1931. 

A very valuable work accounting alphabetically for the families (with 
characters of each) and genera and for many terms relating to the morphology, 
ecology, and taxonomy of vascular plants. 

Dictionaries of plants are often encyclopedic in scope and are so few 
in number that any accounting of them must not be limited to those 
written in English. Most of the data available in botanical dictionaries 
are to be found nowhere else, least of all in the usual unabridged diction- 
aries of common use. Most botanical dictionaries are of plant names and 
are sources for the etymology of Latin or vernacular names, for bio- 
graphical data of persons for whom plants have been named, and for 
vernacular names in various languages. One dictionary cited below (Bail- 

^ See also reference to Dade’s list of Latin names of colors, p. 329. 
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Ion) is almost a botanical encyclopedia. Annotated titles of a few of the 
most significant dictionaries are given below. 

Backer, C. A. Verklarcnd woordenboek dcr Welenschappelijke namen van de in 
Nederland en Nederlandsch-indie in het wiki groeiende en in tiiinen en parken 
gekweekte varens en hoogerc planten. 664 pp. Groningen and Batavia, 1936. 

An excellent dictionary of Latin plant names, giving the etymology of 
generic names and of most binary names, especially those derived from 
barbaric or personal names. Entries based on personal names give dates of 
birth and death of the commemori/ed person and a brief biographical note. 
Vernacular names not accounted for. Text in Dutch. 

Baillon, H. Dictionnaire de botaniqiie. 4 vols. Paris, 1876-1892. 

Reputed to be the most complete dictionary of the plant kingdom Abun- 
dantly illustrated with figures, especially of flowers, floral dissections, and 
fruits. Text in French. 

Bedfvian, a K. Illustrated polyglottic dictionary of plant names in Latin, Arabic, 
Armenian, English, French, German, Italian, and Turkish languages, including 
economic, medicinal, poisonous and ornamental plants, and common weeds. 
Cairo, 1936. 

Gerth van Wkik, H. L. A dictionary of plant names. 2 vols. fhe Hague, 1911- 
1916. 

Volume 1 of this work includes bibliography; alphabetical li‘t of Latin 
botanical names, with English, French, German, and Dutch vernacular names. 
Volume 2 consists of an index to vernacular names. 

Lyons, A. B. Plant names scientific and popular, including in the case of each plant 
the correct botanical name in accordance with the reformed nomenclature, 
together with botanical and popular synonyms, ed. 2, 630 pp. Detroit, 1907. 

An alphabetical listing of 2327 genera, with 1 or more species given for 
each, together with vernacular names and principal uses and an index to 
vernacular names. 

WiTTSiEiN, G. C. Htymologisch-botanisches Handworterbuch. Enthaltend: die 
genaue Ableitung und Erklarung der Namen sammtlicher botanischen Gat- 
tungen, Untergattungen und ihrer Synonyme. 952 pp. Ansbach, 1852. 

A notoriously un’^eliable German reference work, the author of which 
'‘apparently would alwavs rather follow his imagination than consult authori- 
ties,” and which has led many later authors astray by its “many fantastic 
derivations” (See Airv-Shaw, in Gard. Chron. HI, 106: 328, 1939; Sprague, 
in Kew Bull. 1928: 269.) 

Cultivated and Economic Plants 

Taxonomic literature dealing with the identification of cultivated and 
economic plants is not voluminous, and sometimes it is difficult to dif- 
i'erentiate between that which is popular or horticultural and that which 
is based on more scientific principles. This literature is usually published 
as separate books devoted to a special subject, such as manuals, encyclo- 
pedias, or as sumptuous monographs of horticultural subjects. A notable 
exception is the serial Economic botany (New York). In addition, a few 
of the leading horticultural serials cited in the previous section are sources 
of usually competent taxonomic treatments of cultivated plants. 
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Allh LD, A. Landwirthschaftliche Flora; odcr die nut/baren kiiltivicrten Garten- 
und f'cldgewachse Mittelcuropas in alien ihren wildcn und Kulturvanetaten 
fur Landwirthe, Ciartner, Gartenfreunde und Botaniker insbesondere fur 
landwirthschaftliche Lchranstaltcn 360 pp. Berlin, 1866. 

A systematic arrangement of economic plants. Accounts for all species, 
varieties, and foimae of garden, field, and orchaid crops, with author citation. 
syn()nymic>, and descriptions, and synoptical keys to related taxa. This work 
IS indispensable to the study of the systematics of these cultivated plants. Uses 
and vernacular names are usually given. Text in German. 

Bailly, f.. H. C yclopedia of American horticulture. 4 vols. New York, 1900 1902. 

A copiously illustrated work treating of 2255 genera and about 8800 species 
of cultivated plants with descriptions, synoptical keys, and author citations 
Bihliogiaphic references are made to botanical monographs A 6-volume edi- 
tion ( 1906) contains one of the first keys in Fnglish to the families and genera 
ot cultivated plants. 

Bailly, I.. 11 The standard cyclopedia of horticulture. 6 vols. New York, 1914- 
1917. I Later printings of cd 2 bound in 3 vols. I 

This cyclopedia represents a rewriting of the C\'i lopedia of Amctican horti- 
and despite references to “editions'’ dated as late as 1949 all aic essen- 
tially identical with the original issue of 1917. A second edition was published 
(1922) which involved corrections of only a few typographical eriors. All 
later so-called “editions" arc a reprint of this second edition. In addition to 
the alphabetically arianged entries. Volume I contains a synopsis of the plant 
kingdr^m with the families of cultivated plants (described and illustrated) 
ai ranged according to the Fngler classification, together with a key to the 
families and their cultivated genera based on the Bentham and Hooker classifi- 
cation I he work accounts for 3214 genera and 14,553 species of cultivated 
plants accompanied by author citation, synonymy, descriptions, references to 
published illustiations, and synoptical keys. 

Baum, I. H Manual of cultivated plants ed 2. 1116 pp New York, 1949. 

A manual for the identification of about 5300 of the commonly grown cul- 
tivated plants. Keys arc provided. Single author citation is employed. A glossary 
and an enumeration of Fnglish equivalents of most noncapitalized specific 
epithets aie included. 

Bah I Y, I H and F /. Hortus second New York, 1941. 

A one-volume concise dictionary of gaidening, general horticulture, and culti- 
vated plants in North Ameiica Nearly 32,000 plant names aie accounted for, 
and aie aiiaiiged alphabetically, cross-refeienccd by 1 atin and common names 
(no authoi citatu>ns aie employed), and each is followed by a brief descrip- 
tion, sMionymy, and an indication of place of nativity of each species treated. 

I his woik IS of value as an index of the plants that are offered in the Ameri- 
can Hade, for the spelling of I atm names, the identification of the botanical 
family to which a plant belongs, and for the distinctive characteristics of 
families, geneia, and species, 

Bi \N, \V I l iecs and shrubs hardy in the Biitish Isles, ed. 4, in 3 vols. London, 
1950 

An encyclopedic treatment, the genera and species arranged alphabetically, 
b.iscd on personal hoi ticiiltiiral experience and lileiature compilations. Descrip- 
tions and author citations given for each entity. No keys included. 

Blilmr, G and Sain i -IToi r, L leds. 1. l.es plantes dc serre. Par is, 1939. 

An encyclopedic work accounting for all plants cultivated in Europe (as of 
1938). Listings are alphabetical by Latin names. Single author citation is 



LITERATURE OF TAXONOMIC BOTANY 321 

given. There are no keys. Common names, descriptions and brief cultural 
notes are provided. Text in French. 

Bf:rgmans, J. B. Vaste planten en lotshcestcrs. ed 2. Tegelen, Netherlands, 1939 
A garden dictionary accounting for all ordinal y plants of Dutch (and 
American) gardens exclusive of annuals and those woody elements not a pait 
of the garden landscape. Genera and species arranged alphabetically by Latin 
names, accompanied by author citation, synonymy, common names, desci ip 
tions, and detailed accounting of varieties. No keys included. Text m Dutch 

Bois, D. Les plantes alimentaires chez tons les peuples et a travels les ages. 4 vols. 
Pans, 1927-1937. 

This work provides descriptive accounts and illustrations of wild and culti- 
vated edible plants, with history, uses, veinaculai names, and bibliogiaphies. 
The volumes treat the following groups: vol. 1, vegetables; vol. 2, fruits; 
vol. 3, spices and condiments; vol. 4, sources of beverages Text in Fiench. 

Bonsildi, C. Parcy’s Blumcngartncrei 2 vols Berlin, 1931 1932. 

An illustrated encyclopedia of cultivated plants ai ranged according to the 
Fngicr classification. Nondichotomous keys to geneia and species aie provided, 
but the families are not keyed. All I atm names are accompanied by author 
citations. Text in German. Dates of publication, piovided by W. T Steam 
are; I; 1-672, 1930; 673 940, 1931; IT 1 288, 1931; 289 792, 1932 

Chouaro, P and Laumonnier, F. [eds ] le bon lardinier. ed 151 Pans, 1947 
An encyclopedic treatment, in French, accounting for the cultivated plants 
of France and their culture 

Grey, C. H. Hardy bulbs, including half-hardy bulbs and tiibeious and fibious- 
rooted plants 3 vols, l.ondon, 1937 1938 

An illustrated botanical-hoiticultiiral work accounting for most bulbous 
monocots grown in English gardens. No keys are included Plants aie ai tanged 
alphabetically by families For the most pait, only lailin-named taxa are 
accounted for; double authoi citation is employed Vol. I treats the Indaceae; 
vol. II, the Amaryllidaceae, C'ommelinaceae, Haemodoi aceae, Oichidaceae, 
and Scitamincae; and vol III, the Liliaceae 

Hedrick, U. P. Cyclopedia of hardy fruits New Yoik, ed 1, 1922; ed. 2, 1938. 

Kiei , A. F. Fcononiic botany. A textbook of useful plants and plant products New 
York, 1937. 

Hoiland, J.H Ovei seas plant pi odiicts 279 pp London. 1937. 

An annotated alphabetical enumeration (with bibliogiaphy ) of economic- 
plant products by trade names, with botanical names and localities, of “all 
the natuial products of vegetable origin, imported on a commercial scale into 
the docks under the control of the Port ot London Authonty and into o’hei 
poits, for landing and delivery to the consignees in the maikcts of the United 
Kingdom.” 

Hyi.andfr, N. Vara prydnadsvaxters namm pa svenska och latin. IThe names of 
our ornamental plants in Swedish and Latin I Stockholm, 1948. 

A senes of analyses of the nomenclatural pioblems of over 100 commonly 
cultivated garden subjects. 

Kirk, J. W (' A British garden flora. A classification and description of the genera 
of plants, trees and shrubs represented in the gardens of Gieat Britain, with 
keys for their identification London, 1927. 

An illustrated manual accounting, with keys, for the families and majoi 
genera of cultivated plants. Species a'e treated only incidentally, and without 
descriptions or keys. 

Mulnscher, W. C. Weeds. New Yoik, 1935 

A treatise on dissemination and control of weeds followed by a systematic 
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arrangement of families (Engler classification), a dichotomous key to the 
species, together with descriptions and illustrations of the species of weeds of 
northern United States and Canada. 

Nfsi, M. C. In gardens of Hawaii. Bernice P. Bishop Museum Special Publ. 40. 
Honolulu, 1948 

A manual of the cultivated ornamental plants of Hawaii. A work of suffi- 
cient scope to he pertinent to the systematics of ornamentals through the 
tropics. Keys are provided to the genera and to most species. 

Nkhoi son, G. The illustrated dictionary of gardening. Vols. 1-4, London, 1884- 
1887; pages 251-608 of vol. 4 consisting of a supplement to the preceding 
vols. Supplement, vols. 1-2. London, 1900-1901. 

All entries arranged alphabetically by genus. Latin names are unaccompanied 
by author citations and no keys are provided. First distributed to subscribers 
in parts; for date of publication of each, see volume 4, pp. 249-250. 

PophNOF, W. Manual of tropical and subtropical fruits, excluding the banana, 
coconut, pineapple, citrus fruits, olive, and fig New York, 1920. 

A horticultural work with each entry accompanied by a Latin name, author 
citation, b(4anical description, and distribution. About 100 different tropical 
fruits arc tieatcd, many are illustrated. 

RhHF)! R, A. Manual of cultivated trees and shrubs hardy in North America exclu- 
sive of the subtropical warmer regions, ed. 2. New York, 1940. 

A manual accounting for 486 genera and 2535 species of hardy woody 
plants. Only Latin-named taxa arc included. Keys are provided to taxa of all 
categories through that of species. Double author citation is employed through- 
out, and all elements arc briefly described. Dates of introduction to cultiva- 
tion (not necessarily to cultivation in U. S ) included, degree of hardiness 
noted, and proximal dates of flowering and fruiting given. 

Rludlr, a. Bibliography of cultivated trees and shrubs. 825 pp. Jamaica Plain, 
Mass, 1949. 

A bibliogiaphy of all scientific names appearing in the author's Manual of 
cultivated trees and shrubs, ed. 2, with nomenclature brought up to date as 
of 1947. 

Robbins, W. W. The botany of crop plants, ed. 3. Philadelphia, 1936. 

A text and reference well documented with bibliographies, treating the 
systematics, descriptive morphology, and economic importance of crop plants. 
The term crop is used in the broad sense to include crops of the field, garden, 
and orchard. Keys arc provided to the important crop genera of some of the 
larger families, and species of a few genera. 

ScHNLiDi R, C. Illustricrtcs Handbuch der Laubholzkunde. 2 vols. Jena, 1904 1912. 

A manual of the woody angiosperms (cxcl Bambusae and Cactaceae) 
arranged according to the Engler classification, with each family, genus, and 
species keyed and described. Many drawings of floral and fruit details. Text in 
German. 

SiEBhRT, A. and Voss, A Vilmorin’s Blumcngartnerei. 2 vols. Berlin, 1894-1896. 

An illustrated encyclopedia of garden plants arranged according to the 
de Candolle classification. Keys are provided to genera and species and to 
groups of related genera. All taxa are described and authorities cited for 
Latin names. 

Wehrhahn, H. R. Die Gartenstauden. Ein Handbuch fiir Gartner, Staudenzuchter 
und Gnrtenfreunde. 2 vols. Berlin, 1929-1931. 

An illustrated manual of cultivated garden perennials, with keys, descrip- 
tions, author citations, and essential synonymy. Text in German. 
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Maps and cartography 

The subject of this section may seem remote or apart from that of 
the rest of the text; however, the taxonomic botanist knows the need of 
(1) an understanding of maps, the various projections, and the uses 
for which they were designed, (2) the kinds of maps available as 
sources of supplementary information, and (3) of the availability and 
sources of maps that treat any area of investigation. Likewise, the botanist 
who uses the treatises resulting from such investigation must have an 
appreciation of the maps employed in them. 

One of the most clear, yet elementary, summaries of the kinds of 
maps, their projections, and their uses is that by Chamberlin (1947). 
A more technical accounting of the various map projections is by Deetz 
and Adams (1945), while the textbook by Raisz, General cartography 
(1948), is commended for its concise instructions relative to maps and 
map making. These 3 references are considered adequate to a general 
background for the intelligent selection, use, and comprehension of 
most maps used in conjunction with taxonomic studies. 

In addition to knowing the kinds of maps and the particular uses for 
which each has been designed, it is desirable to know of the availability 
and sources of maps (exclusive of library collections) and of gazetteers. 
The information given below is suggestive of some sources, and is by no 
means bibliographic in character. 

Oiiiline maps are used extensively for plotting distribution of plants, 
their migrations, or of factors influencing these. Such maps are available 
in a wide assortment of sizes and in several different projections. Com- 
mercial sources include: 

McKinley Publishing Co., Philadelphia, Pa. 

University of Chicago Press, Chicago, 111. (For the Goode Series of Outline Maps.) 

Coast and Geodetic Survey, Washington, 25, D. C. 

Superintendent of Documents, Washington 25, D. C. (For an outline map of 
U. S., with each state and county outline indicated.) 

Topographic maps are published generally by federal governments or 
geographic societies. Those for areas of the United States are published 
and sold by the U. S. Geological Survey, and are available for nearly 
half the country. Index circulars, showing the areas for which maps may 
be had within each state, are available on application to the Director 
of the Geological Survey. These maps show, with local place names, all 
physical features, roads, trails, cities and towns, and state and county 
boundary lines. Most of them have been prepared at the scale of 1 : 62,500 
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(approx. 1 inch equalling 1 mile), but a few are at scales of 1:38,680 
or 1:125,000. 

New World areas south of the United States are represented by a 
series of maps known as the Map of Hispanic America, published by 
the American Geographical Society. These arc available in sheets, pre- 
pared at the scale of 1 : 1,000,000 (approx. 1 inch equalling 15.8 miles). 
An index sheet is available from the publisher. 

Maps of coastal and island areas of the United States and possessions 
(including islands of the Caribbean and much of the Pacific areas) are 
available as Nautical Charts (scale, 1 : 62,500) from the Coast and Geo- 
detic Survey, Washington 25, D. C. 

Maps of much of the earth’s surface, especially those that were of or 
near areas of strategic importance during World War II, are available 
from the Army Map Service, War Dept., Washington 16, D. C. Similar 
maps, with overlays of air navigation data, are available from the Aero- 
nautical Chart Service, U. S. Army Air Forces, Washington, D. C. The 
maps available from this second U. S. Army source arc not duplicates 
of ihose available from the first and often account for entirely different 
areas. 

A map of the world prepared at the scale of 1 : 1 ,000,000 is in prepara- 
tion and much of it has been completed. For ease in handling, it is pub- 
lished in sheets, each sheet accounting for approximately 4 degrees of 
latitude and 6 degrees of longitude. These arc available from C. S. 
Hammond & Co., I Hast 43rd St., New York 17, N. Y., and the 5 sheets 
representing the U. S. portion are available also from the Geological 
Survey, Washington, D. C. 

A map for much of Eurasia is the British Council Map no. 1, Europe 
and the Middle East (1941 ), made by the Royal Geographical Society, 
London. This map is on a scale of 1 : 1,000,000 and shows the relief of 
the area from Iceland to the French Sudan in the south and to central 
( hina in the east. 

Road maps of the county road systems arc available at nominal charges 
lor the counties of most states. Requests for information concerning them 
should be addressed to the highway department of the particular state. 
These maps are useful in field work, for plotting itineraries, and loca- 
tions of individual collections. They have the advantage of usually being 
more up to date than most of the U. S. Geological Survey maps and are 
valuable adjuncts to the latter, both for road locations and for local 
place names. 

Geological maps are essential to any detailed floristic or monographic 
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research and, when available, are to be obtained directly from the 
Department of Geology and Mineral Resources (or the equivalent) ol 
the particular state. Other geological maps are published by the U. S 
Geological Survey, from which source lists of available maps may be 
obtained. 

Soil maps and geological maps are equally important in any detailed 
floristic or monographic research. These maps show the type of soil 
profile under any area mapped, and are prepared usually at the scale of 
1:62,500. In addition to soil profile data, they also show topographic 
features and such characteristics as locations of roads, railroads, and 
physiographic elements. These maps are produced by the Bureau of Plant 
Industry, Soils, and Agricultural Engineering, of the U. S. Dept, of 
Agriculture. A list of all available maps is included in Price List 46. 
Agricultural Chemistry and Soils and Fertilizers, issued by the Supt. of 
Documents, Washington 25, D. C. 

A ir photographs are not strictly classifiable as maps, but they may be 
used in taxonomic research as valued adjuncts to maps of various types 
Much of the surface of the United States and Canada and several wide 
strips across Mexico have been covered photographically by either the 
U. S. Army Air Forces or for various agencies administered under the 
U. S. Dept, of Agriculture. Information concerning areas for which 
photographic coverage is available should be addressed to the U. S. 
Army Air Forces, Photographic Division, Washington, D. C. and to the 
Oflice of Information, U. S. Dept, of Agriculture, Washington, D. C. 

Gazetteers are alphabetical listings of geographical place names. Gen- 
erally they include names of physiographic features as well as of cities 
and towns. In a class allied to that of gazetters are map indexes. Most 
maps are not accompanied by indexes, but most of the maps published 
by the National Geographic Society (Washington, D. C.) have companion 
indexes that can be purchased with them. Maps accounting for most of 
the earth's surface (at scales of usually 1:4,000,(^00 and higher), to- 
gether with indexes, are obtainable by purchase from this source. One 
of the most complete unabridged gazetteers for the world is Heilprin, 
and L. Lippincott’s new gazetteer (1913) which provides informa- 
tion for the United States as of 1910, and for the remainder of the 
of the world as of 1905. 

LITERATURE: 

Chamblrlin, W. The round earth on flat paper: map projections used by cartog- 
raphers. National Gx>graphic Society, Washington, D. C., 1947. 

Dehiz, C. H. and Adams, O. S. Elements of map projection with applications to 
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map and chart construction. U. S. Dept, of Commerce, Coast and Geodetic 
Survey Spec. Publ. 68, Washington, D. C., 1945. 

Raisz, E. General cartography. New York, 1948. 

Government maps, and directions for obtaining them. Price list 53. Supt. of Docu- 
ments, Washington, D. C. 

MiHcellaneous reference works 

In addition to the entries cited above as fundamental to any library 
of taxonomic works there remain a number of supplementary items that 
do not fall within their limits. These are named below under several 
subheadings. 

Biographical references^ especially of botanists, are of considerable 
value. Sources for this information are standard encyclopedic bio- 
graphical works that account for men of a given country; however, many 
men important as botanists or collectors are otherwise too obscure to 
have been listed in such general works. Mention has already been made 
(p. 319) of the usefulness of Backer, and of the limitations of Wittstein, 
as sources of brief biographical data and pertinent dates. The several 
editions of American men of science and of Leaders in education provide 
sources of most contemporary and neocontemporary American botanists. 
The value of the many editions of Who's who in America is of similar 
character, and the companion volume titled Who was who provides bio- 
graphical sketches of Americans of note not now living. One of the 
better card files to biographical data of botanists of the world is at the 
library of the New York Botanical Garden. It was built up largely by 
the efforts of the late Dr. John H. Barnhart and is especially complete 
for data published up to about 1940. Many manuals and floras provide 
brief biographical data concerning authors of botanical names employed, 
or of important collectors of the area treated (cf. Gray’s Man., ed. 8; 
Rehder, Man. Cult. Trees and Shrubs, ed. 2; Bailey, Man. Cult. Pits., 
ed. 2; Munz, Man. So. Calif. Bot.). Dates of birth and death are given 
when known in the Catalogue of the British Museum (Natural History) 
Library for authors of all entries. This is true also for entries in the 
U. S. Library of Congress Catalogue. When the year of death is known 
it is usually possible to find adequate biographical sketches in one or more 
botanical periodicals of the time. 

In addition to the above, the following references are especially useful 
for biographical notes about European botanists: ^ 

Bretschneider, E. History of European botanical discoveries in China. 2 vols. 
London, 1898. 

^ The author is especially grateful to W. T. Steam of the R. H. S. Lindley Library, 
London, for having provided these references. 
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Britten, J. and Boulger, G. S. A biographical index of deceased British and Irish 
botanists, ed. 2, I edited by A. B. Rendlel London, 1931. 

Briquet, J. Biographies des botanistes a Geneve. Ber. Schweiz. Bot. Ges. 50a, 1940. 
Burnat, F. Botanistes qui ont contribue a faire connaitre la flore des Alpes-Mari- 
times. Bull. soc. bot. Fr. 30: cvii-cxxx. 1883. 2nd. ed. by Cavillier, F. in Mem. 
Riviera Scientifique, 5 [siippl.]: 1-95, 1941. 

Christensen, C. Den danske botaniks historie med tilhorende bibliografi. 2 vols. 
Copenhagen, 1924-1926. 

Coi.MRiRO, M. La botanica y los botanicos de la Peninsula Hispano-Lusitana; 

estudios bibliographicos y biograficos. Madrid, 1858. 

CossoN, E. Compendium florae Atlanticae, 1: 7-101. Paris, 1881. 

Hryniewiecki, B. Precis de I’histoire de la botanique en Pologne. Warsaw, 1933. 
Hylander, N. Forteckning over Skandinaviens vaxter, utgiven av Lunds botaniska 
forcning. 1, Karlv.ixter. ed. 3, Lund, 1941. 

Krok, Th. O. B. N. Bibliotheca botanica suecana . . . Svensk botanisk litteratur 
fran aldsta tiden t.o.m. 1918. Uppsala and Stockholm, 1925. 

Mai WALD, V. Gcschichte der Botanik in Bbhmcn. Vienna and Leipzig, 1904. 
Priizel, G. a. Thesaurus Literaturac botanicae omnium gentium, ed. 2, Leipzig, 
1872. Reprinted 1949. 

Saccardo, P. a. La botanica in Italia. Venice, 1895; seconda, 1901. 

Urban, I. Symbolae Antillanae seu fundamenta florae Indiae Occidentalis. Vols. 1, 
2, 3, 5. Berlin, 1898-1908. 

Dates of publication of taxonomic works are of great importance to 
the researcher who requires them in determining questions of name 
priority. The International Rules of Botanical Nomenclature are specific 
in defining the date of publication to be the exact date of release to the 
general public of the work in question. Ordinarily the date is given on 
the title page of a book; if in parts, the contents and dates of these are 
usually given on the verso of the title page. This date is usually accepted 
as dote of publication unless established to be incorrect. It occasionally 
happens that a book or periodical bears a particular date on its title page 
but that the item was not released or available for distribution within 
the country of origin until a later date. This later date is the actual date 
of publication and is the date to be used in determining questions of 
priority. When a later date than that indicated (the work date) is known 
to be the correct date of publication, it is sometimes indicated in subse- 
quent citations by enclosure in square brackets [ ]. It frequently happens 
th t a work of several volumes is published over a period of years, and 
in works of taxonomic character it is essential to know the exact date 
when each volume was published. Likewise, each of the volumes of a 
single work may be published as separate parts, paged continuously for 
the volume. In such instances, it is necessary to know the contents and 
publication dates of each part. In contemporary publications, these data 
usually arc indicated clearly, but in many cases, especially for works 
published a century or more ago, the exact dates of publication have 
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been determined only after diligent and painstaking research. A bibliogra- 
phy accounting for papers dealing with the dates of publication of 
botanical works is given by Griffin et alS* Subsequent papers have been 
published on the subject (especially by H. S. Marshall and W. T. Steam) 
and are to be sought in botanical periodicals, notably in Journ. Arnold 
Arb., Journ. Bot., Journ. Soc. Bibliog. Nat. Hist., and Rhodora. 

Locations oj type specimens are of concern to all taxonomists con^ 
ducting any extensive research or making critical determinations of mate^ 
rial. The incorporation of the type concept (cf. pp. 203-205) as funda^ 
mental to botanical nomenclature made the establishment of type 
specimens and knowledge of where they are deposited of paramount im- 
portance. There is no one work to which one may refer to learn where 
the types of a particular collector or author arc located. In many in- 
stances the collections of any one person arc to be found in not one, but 
several herbaria. In other instances the herbaria have been lost through 
one of several causes (insect depredations, neglect, fire, war damage, 
etc.). References to be consulted to learn of the locations of the majority 
of collections or of private herbaria include the following: 

Di: Candolle, Alphonse. La Phytographie, ou I’art de decrire les vegctaiix con- 
siderds sous differents points de vue. 484 pp. Paris, 1880. 

Chapter XXX (pp. 391-462) contains an alphabetical enumeration of the 
authors and collectors of plants, with a notation on the herbaria in which 
their collections are deposited. This is one of the first, and currently valuable, 
lists of locations of type specimens. 

[Hitchcock, A. S. I Location of type specimens. Mimeographed, 19 pp. 1934. 

An unannotated alphabetical list, prepared and distributed by the Commit- 
tee on Nomenclatuie of the Botanical Society of America, indicating where 
type collections (cryptogamic and phanerogamic) of about 500 botanists of the 
world arc located. 

I Hitchcock, A. S. I Location of type specimens. List 2. Mimeographed, 30 pp. 
Washington, D. C., 1935. 

A revised and enlarged edition of the list issued in 1934, accounting for 
locations of types of about 600 botani.sts. 

Lasegl/e, a. Musec botanique de M. Benjamin Delessert. Notices sur les collections 
de plantes et la bibliotheque qui le composent; contenant en outre des docu- 
ments sur les principaux herbiers d’Europe et I’expose des voyages entrepris 
dans I’lnteret de la botanique. 588 pp. Paris, 1845. 

Savage, S. A catalogue of the Linnaean herbarium. 225 pp. London, 1945. 

A catalogue of all specimens in the Linnaean herbarium together with 
detailed annotations concerning each specimen, indicating (when known) the 
date the specimen came into the herbarium, inscriptions on the labels by 
Linnaeus or eighteenth century authorities, and several plates of halftone 
reproductions of identified eighteenth century handwritings on herbarium 

® Gnfiin, F. J., Sherbon, C. D., and Marshall, H S. A catalogue of papers concerning 
the dates of publication of natural history books. Jouin. Soc. Bibliog. Nat. Hist. 1: 
1-30, 1936; first supplement, op. cit. 2:1 17, 1943. 
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sheets. The catalogue is of particular value when determining if a type speci- 
men exists for a Linnaean name and further, if that specimen had been avail- 
able to Linnaeus prior to publication of editions 1 or 2 of Species phmtaruni 
or had been added to the herbarium later by Linnaeus’ son. 

Shfrborn, C. D. Where is the . . . collection? An account of the various natural 
history collections which have come under the notice of the compiler. 148 pp. 
Cambridge, England, 1940. 

A cataloguing, by author, of primarily zoological material, especially of 
British naturalists. A number of continental European botanists and their 
collections are included. 

Directories and addresses of contemporary taxonomists serve several 
purposes. In addition to giving full names of individuals listed, they 
usually give such supplementary data as title, degrees, institution of 
alhliation, and special interests. Among the more current works of this 
category are the following: 

Inihrnational address book of botanists; being a directory of individuals and 
scientific institutions, universities, societies, etc., in all parts of the world inter- 
ested in the study of botany. London, 1931. [Prepared under direction of 
Diels, Merrill, and Chipp, as a committee appointed by Fifth International 
Botanical Congress. I 

Verdoorn, F. Selected references on current research in plant taxonomy, ecology, 
and geography in Europe, Africa, Asia, and Australia Chron. Bot. 6: 265- 
287, 298-311. 1941. 

Arranged alphabetically by author, giving address and nature of research. 
New World botanists excluded. 

Vlrdoorn, F. Botanical collectors in the Latin American countries (preliminary 
list.) Chron. Bot. 6: 171-172. 1941. 

Color charts supply standards for comparison of living specimens and 
are essential for accurate color description. The following three charts 
art widely used: ^ 

Color standards and nomenclature. By R. Ridgway. Washington, D. C., 1912. 
Horiicultural colour char is, issued by the British Colour Council in collabora- 
tion with the Royal Horticultural Society. 2 vols. London, 1938, 1941. 

The users of this chart will find it a convenience to number the 200 colors 
listed in the introductory text to vol. 2, using the margin, to attach the same 
numbers to the plates, and then to combine the plates of the 2 volumes into 1 
numerical sequence, thus arranging the plates in accordance with this list. The 
use of this chart as a means of obtaining uniformity and precision in color 
descriptions by American horticulturists is advocated in Arnoldia 7: 41-52, 
1947. 

Repertoire dl couleurs . . . public par la societe franijaise des chrysanthemistes 
et Rene Oberthur avec la collaboration de H. Dauthenay. Paris, 1905. 

Reference should also be made to H. A. Dade, Colour Terminology 
in Biology (Imp. Mycol. Instit. Kew, Mycological Papers no. 6: 1943) 

This section on color charts contributed by W. T. Steam. 
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by those who wish to describe colors in Latin or to translate Latin 
descriptions into English. 

Outstanding botanical libraries in this country constitute a topic of 
practical importance to all students of taxonomy, for next in importance 
to knowing the literature is to know where it is available. No competent 
study is known to have been made of this subject and, aside from the 
situation with regard to periodicals, no known statistical studies are 
available on the relative size, strength, or importance of American 
libraries of botanical works. For this reason, the remarks that follow are 
based solely on the author’s personal observations and are only of a 
generally informative nature. 

There are four great centers of botanical literature in eastern United 
States and among them are housed the great majority of published botani- 
cal works. ^ They are the libraries of the following: Academy of Natural 
Sciences, Philadelphia; Harvard University (the libraries of the Gray 
Herbarium, Arnold Arboretum, Farlow Herbarium, and the Widener 
Library considered collectively), Cambridge, Mass.; New York Botanical 
Garden; and U. S. Dept, of Agriculture. Other American libraries of 
importance for their botanical titles in the taxonomy of higher plants in- 
clude: the Library of Congress; University of California, Berkeley; 
Cornell University, Ithaca, N. Y.; Missouri Botanical Garden, St. Louis: 
New York Public Library, N. Y.; Iowa State University, Ames; and the 
Massachusetts Horticultural Society, Boston. 

The subject of taxonomy, perhaps more than other fields of botanical 
science, demands an almost encyclopedic knowledge of the world’s perti- 
nent literature. In many biological subjects the current literature so out- 
modes the writings of a decade or more previous as to cause the older 
writings to be of only historic or academic interest. This situation doef 
not exist in taxonomy, where systematic publications of a century or more 
ago may represent the latest information available, or findings must be 
considered along with those of contemporary writings as concerns a 
particular taxon. For this reason all taxonomists must know the important 
sources of taxonomic literature, especially of their own particular field 
of activity. 

In this chapter the attempt has been made to account for the more 
significant bibliographic items pertinent to the general systematics of 

* According to Wilson, L. R., Downs, R. B. and Tauber, M. F., A Survey of the 
Libraries of Cornell Univ., Ithaca, 1948, pp. 131-132, the ten leading collections of 
botanical periodicals in American University libraries (as of 1943) are at the following 
institutions, given in descending order: California (Berkeley), Cornell, Harvard, Iowa 
State, Minnesota, Illinois, Columbia, Wisconsin, Chicago, Michigan. 



LITERATURE OF TAXONOMIC BOTANY 


331 


vascular plants. The items enumerated above comprise a nucleus of the 
most frequently used books, pamphlets, and periodicals. The student will 
have found wanting many titles pertinent to a specialized phase of the 
subject. These missing titles may be sought in available bibliographies of 
phytogeographical, genetical, ecological, cytological, and morphological 
subjects. Basic references dealing with these subjects are given in this text 
in footnotes or in the lists of selected references at the end of most 
chapters. 

The material and data presented in this chapter are not to be studied 
at one sitting, nor to be read or assigned for reading as are other chapters 
herein. The material is intended to serve as a reference source. It is a 
classified annotated bibliography; a collation of elements of a greatly 
diversified literature or of sources to such literature. 




p A n T II 

SELECTED FAMfLIES 
OF VASCULAR PLANTS 


Students of taxonomy are expected to become conversant and familiar with the 
characteristics of the more impoitant families of vascular plants of a particular or 
local flora, in addition to acquiiing a knowledge of the theoretical considerations, 
basic guiding principles, and historical background of plant taxonomy. Since this 
textbook IS designed to meet the needs of any area of the United States, ticatments 
are provided of all families of plants having members known to be growing in the 
country, either as indigens or as exotics. Most courses in systematic botany include 
the pteridophytes and the gymnospeims among the plant gioups studied, and for 
this reason they are included in this book. It is recognized that few courses in 
systematic botany are likely to account lor all or even the majority of the families 
treated here, and it is expected that the instructor will select the treatment of such 
famflies for study as judgment and local conditions dictate. 

The arrangement of the families that follow is that in the latest edition of Hngler 
and Diels, Svllahn.s der PfUinzenjamihen (1936). Certain taxa elevated to the rank 
of family since that time are accepted here as families and are placed in the 
Englerian sequence. The selection of the Hngler system of classification is no leflec- 
tion of the author's personal preferences oi convictions. It is a selection of necessity, 
for it IS the most recent system to treat the flora (ie., genera and species) of 
vascular plants from a world viewpoint In furthei support of this selection it must 
be r !cogni/ed that all the larger American herbaria arc organized according to this 
classTrcation, that most of the regional American floras arc based on it, and that 
instructors in many schools continue to follow it. It is recognized that the Imgler 
system IS in many respects archaic, and in the light of our present knowledge is 
obsolete It is recognized also that many couises of instruction in plant taxonomy 
arc based on the systems of Bessey oi of Hutchinson oi (m modifications of those 
syst-ms However, there is no classification that treats the families of vascular plants 
of the world which is based on either of the latter two systems. The Bessey system 
remains a provincial system restricted in a large degree to the classification of (he 
flowering plants indigenous, primal ily, to North America, and it has not been 
revised since 1915. The Hutchinson system, which has undergone 3 revisions to 
c te, with more expected, treats only the angiosperms, and for this reason also 
IS incomplete. Few students of phytogeny believe that either of these two latter 
systems represents the ultimate, or is yet even sufficiently close to it to repiesent a 
synthesis of the more recent findings. For these several reasons, the Hngler arrange- 
ment seems to be the only one acceptable until one more nearly perfect has been 
developed for the vascular plants of the earth For the benefit of the student, and 
for the instructor, the classification of most of the following families according to 
the systems of Bessey and of Hutchinson have been given in Chapter VI. 

I he treatments of each family that follow arc made as un form as individual 
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situations permit. Characteristics of each family have been compiled from 
the literature. Every effort has been made to insure reliability of sources and 
to make the compilations as complete as the needs for them could be anticipated. 
In this regard, a summary of diagnostic characters separating closely related 
families has been included in most instances. Many of the treatments have been 
read critically by specialists, as acknosvledged in the Preface. Illustrations of selected 
representatives of each family have been piovided as visual aids to portray the 
critical and more significant features. The distributional ranges of each family are 
general and serve to indicate regions of occurrence, both global and continental. 
Disjunctive distributions of families are often indicated, but no attempt is made 
toward completeness in this regard. The size of the family, as to number of genera 
and species, is based either on recent monographs or considered estimates that 
endeavor to avoid extremes in conservatism or segregation. For the larger families 
it has been found useful to provide a synopsis of the subfamilies or tribes, giving 
their I.atin names and synonyms as appropriate, and in doing so the treatment of 
Engler and Diels is followed unless superseded by more recent and authoritative 
monographs. References are made to important revisions or monographs as 
appropriate, especially when these are considered pertinent to students of American 
botany. Supplementing these technical data there is included usually a paragraph 
reviewing current and classical opinions concerning the phylogenetic position of 
the family, and in the case of large families, of their components. In succeeding 
paragraphs are given brief indications of the current economic importance of each 
family as may be contributed by specified genera and species. Reference to number 
of cultivated genera or species applies only to the situation existing in this country. 

Omission of floral diagrams and formulas is deliberate. It is recognized that 
these devices have definite pedagogic value m the classroom, but it is believed that 
their use is associated largely with laboratory exercises, and this text makes no 
pretense to satisfy such a need. 

THE PLANT KINGDOM 

According to the Engler system the plant kingdom is subdivided into 13 divisions, 
of which the first 1 1 include the plants more commonly known as the Thallophyta. 
The twelfth (Hmbryophyta Asiphonogama) is divided into 2 subdivisions (Bryo- 
phyta and Pteridophyta), while the thirteenth (Embryophyta Siphonogama) cor- 
responds to the Spermatophyta. It was hypothesized by Engler and his associates 
that each successively higher group was evolved from the preceding lower group. 
At the present stage of botanical knowledge this classification is recognized as one 
of convenience. Much evidence has been presented in the last half century — espe- 
cially by paleontological, anatomical, and morphological research — to refute the 
validity of the Engler system. Modern phylogenists agree that the evolution of the 
plant kingdom has not been as simple as the Engler system would indicate, and 
while no adequate system has yet been produced, it is reasonable to believe that the 
basic divisions of the ultimate classification of the plant kingdom may be along the 
lines proposed — but not validly published, taxonomically — by Fames (1936) and 
shown by Fig. 17. (For discussion of names of these taxa, see footnote 8, p. 355.) 

The treatment of families in this text commences with those of the Pteridophyta 
(Embryophyta Asiphonogama, of Engler) and ends with the dicotyledonous family, 
Compositae. 

Division III. PTERIDOPHYTA 

The pteridophytes are characterized by the presence of vascular tissue (phloem 
and xylem tissue of regular organization) in the sporophyte generation, with true 
roots present in all but a few aquatic members; alternation of a separate game- 



DIVISION III. PTERIDOPHYTA 


335 


tophyte generation disjunctive from the sporophyte generation clearly evident, the 
sporophyte generation being dominant; egg cells borne in archegonia and motile 
sperm cells produced from antheridia, both structures located on the thalluslike 
gametophytic plant. The minute, often chlorophyll-less, gametophyte gives rise to 
the large, usually foliaceous sporophyte. Spores of the latter germinate and give 
rise to the gametophyte and by this sequence complete the life cycle. 

The division is composed of 5 classes: Articulatae (horsetails), Lycopodiinae 
(club mosses), Psilotmae, Isoetinae (quillworts), and Filicinae (true ferns). The 
first 4 are known widely by the misnomer “fern allies” and more recently have been 
designated the lycosphens by Wherry (1949). It is now apparent that there is much 
closer relationship between the Filicinae and the seed plants than between the 
former and the lycosphens. The latter represent families more primitive than the 
Filicinae, for, among other reasons, they are plants whose ancestors existed many 
ages earlier in geologic time (see Fig. 18). 

Plants belonging to these classes may be separated as follows: 

Vernation not circinate; Ivs., when present, are minute or at most only quill-like. 

Sts. conspicuously jointed; Ivs. whorled, forming a sheath at st. nodes . . .1. Articulatae 

Sts. not jointed; Ivs. absent or if present not whorled and sheath-forming. 

Lvs minute, in whorls, spirals or decussate, persistent II. Lycopodiinae 

Lvs. not minute (or if so are caducous), when present are quill-like. 

Sts. dichotomously much-branched, leafless or essentially so; spores homo- 
sporous, in 3-loculed spoiangia. III. Psilotinat 

Sts. short and corm-like, with quill-like lvs.; spores dimorphic, in 1-loculed 
sporangia . , IV. hoetinae 

Vernation circinate; lvs. usually foliaceous, never scale oi quill-likc V. Filicinae 

These spore-producing vascular plants (pteridophytes) are primarily of the 
tropics and subtropics, and arc not so well represented in the flora of temperate 
North America as one might be inclined to believe. By conservative concepts, of 
the approximately 215 genera recognized for the world, only about 40 are in- 
digenous within the area covered by this text, and of the approximately 9200 species 
for the world, fewer than 200 are native in North Amcricr north of Mexico. 

LITERATURE: 

Broun, M. Index to North American ferns. 215 pp. Orleans, Mass., 1938 | Accounts for 
nomenclatuie of all categories of North American Pteiidophytes. 1 
Fames, A. J. Morphology of vascular plants. Lowei groups. New York, 1936. 
Verdoorn, F. Manual of Pteridology. The Hague, 1938. 

Class I. ARTICULATAE ' 

This class, known also as the Equisetinae, is represented among living plants 
by the single order Equisetalcs, composed solely of the genus Eqiiisetum, of which 
many species are known. As a cla.ss, the Articulatae stand far apart from other 
vascular cryptogams and are derived from ancestors of great antiquity that were 
once of major dominance, in size of individuals and distribution, in the earth’s flora. 
Notable among these ancestors were probably the Calamitaceae, and relatives of 

^ There is no index to Latin names of members of this or the succeeding 3 classes of 
pteridophytes that is comparable to Index Kewensis for the spermatophytes or Index 
filicum for the Filicinae. However, indexes are reported to be in course of preparation for 
names of members of this class and for the Lycopodiinae. 
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the Sphenophyllales — giant horsetaillike plants dominant in the Paleozoic. Plants 
of this class are distinguished from those other classes by their rushlike, often 
branching axes, the stems jointed and mostly hollow; the leaves whorled at the 
nodes and mostly minute and toothlike; the reproductive bodies in conical or spike- 
like terminal cones with eusporangiate sporangia borne on the underside of peltate 
scales; and sperms multiciliate. Engler and Diels subdivided it into 4 subclasses, 
only 1 of which (Equisetales) contained an order of living plants. 


Order 1. EQUISETALES 

EQUISETACEAE. HORSETAIL OR SCOURING RUSH FAMILY 



Fig. 39. Equisetaclae. A, Equisetum hyemale: Aa, fruiting stems, X Vr, Ab, stem section, 
at node, X3; Ac, stiobilus, X Wi; Ad, spoiangiophore, XlO; Ae, sporangium, X 20; Af, 
spore with clateis, X 80. B, E. aiveme: Ba, steiile stem with branches, X Vf>\ Bb, node, 
with leaves and lateral branch, X 1. 

Plants annual or perennial, usually rhizomatous, the axis erect, surface often 
silicated, striated, or grooved, the stems with nodal joints at which appear whorls 
of connate scalclikc leaves, the stems branched at the nodes or not, but when 
branched the branches whorled and as numerous as the leaves and alternate with 
them; stem hollow except at nodes and characterized by a usually large central 
canal (centrum) surrounded by a number of medium-sized ones each embedded 
in the outer tissue and under each of the external grooves (vallecular), connected 
by stomata, with a minute canal (carinal) situated under each ridge between the 
grooves; homosporous, the sporangia borne in terminal, sessile, or stalked cones 
(strobili); the latter are composed of numerous closely appressed peltate polygonal 
sporangiophores (sporophylls) projecting at right angles to the cone axis, the 
sporangia 5-10 per sporangiophore, arranged around under side of sporangiophore 
margin, eusporangiate, dehiscence by longitudinal slit; spores minute, numerous, 
chlorophyll-containing, and each spore provided with 4 hygroscopically sensitive 
spatulate elaters attached at a common point, and of importance in spore dis- 
semination. 

I'hc class, order, and family are represented by the single genus Equisetum, com- 
prised of about 25 species, and occurring on all the large land areas of the earth 
except Australia and New Zealand. The plants are primarily of wet places, but one 
species at least occurs in the driest of habitats. The majority of species occurs in 
the tropics and subtropics, with about 12 species more or less widely distributed 
over temperate North America. 

Most phylogenists have considered the horsetails the most primitive of extant 
vascular plants, placing them below the Lycopodiinae in their schemas. Despite the 
lack of a definite bridging to ancestral fossil types, there is much evidence to demon- 
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strate strong affinities with the Calamitales and Sphenophyllales of the Carbonif- 
erous, and to a lesser degree with the Hyenales of the Devonian. For these reasons 
and because, as Fames ( 1936) pointed out, the genus Equisetuni possesses a complex 
branch system, an anatomy characterized by the presence of intercalary meristems 
and the advanced endarch type of xylem, and gametophytes with dorsiventral pro- 
thallia with advanced conditions existing in sex organ morphology, it seems clear 
that these are not primitive vascular cryptogams but are relics of probably highly 
developed ancestral types. By Fames they arc separated as a major phylum, the 
Sphenopsida, a group considered by him as advanced over the Psilopsida and the 
Lycopsida. 

The Fquisctaceae are of diminishing economic importance. They were once much 
used for polishing woods and scouring utensils, and several species are noxious 
weeds in poorly drained soils. A few species have been advertised by domestic 
dealers in native plants. 

LITERATURE: 

ScuAFFNhR, J. H. Geographic distribution of the species of Eqiiisetiim in relation to their 
phylogeny. Amer. Fern Journ. 20: 89 106, 1930. 

Class II. LYCOPODIINAE 

A class of 4 orders, of which 2 are extinct. The class is characterized by the stems 
mostly elongate, creeping, and more or less indeterminate, the leaves scalelike to 
acicular, very short and mostly imbricated or crowded; roots dichotomous; sporangia 
solitary, subtended by a sporophyll, often condensed into terminal strobili, homos* 
porous or heterosporous, eusporangiate in origin; sperms biciliate. 

Phylogenetically the Lycopodiinae were considered by Fngler and Diels to be 
advanced over the Articulatae (sphenopsid derivatives), and to be subordinate to 
the Psilotinae, Fames concluded that the Lycopsida were next in primitiveness to 
the Psilopsida, and that within the Lycopsida, the Lycopodiales were the more 
primitive order although “interrelationships among lycopsid forms are obscure." 
Wettstein and also Diels considered the Psilotinae as advanced over the Lycopodiinae 
but not to the degree reached by the Isoetinae. 

Order 2. LYCOPODIALES 
LYCOPODIACEAE. THE CLUB MOSS FAMILY 

Low terrestrial or epiphytic plants, often mosslike in appearance, varying greatly 
in habit, but all with stems slender, mostly prostrate or in a few kinds erect or 
ascending, the branching basically dichotomous; roots mostly dichotomously 
branched; leaves very numerous, small, mostly in close spirals, whorls, or opposite 
pairs, often imbricated, rarely all basal (in Pliyllofilossum); reproduction by uni- 
form spores produced from sporangia borne singly on upper side of leaves (sporo- 
phylls ) near their base, in leaf axils, or on the stem immediately above a leaf, the 
sporophylls variable in size and when minute the axis usually much condensed with 
the numerous sporophylls forming a strobilus (or cone), the strobili sessile or 
pedunclcd; spores abundant, minute, variously reticulated or sculptured; vegetative 
reproduction by gemmae occurs in many species. 

A family of 2 genera: Lycopodium with about 100 species, occurring over most 
of the earth (except the most arid areas) and abundant in subtropical and tropical 
forests, and Phylloglossum, a monotypic genus restricted to parts of Australia. 
Tropical species of Lyce podium are predominately epiphytes, and those of tem- 
perate and arctic regions are terrestrial. Twelve species are native to eastern United 
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States, and 7 extend westward to represent the genus on the Pacific coast region, 
with 3 extending southward into Texas. 

Several species of Lycopodium (ground pine, creeping Jennie, crowfoot, princess 
pine) are gathered extensively commercially for decorative purposes during the 
Chn'stmas season. Formerly the spores were used commercially by druggists as pill 
coatings, as well as in a number of official medicinal preparations. 



Fig. 40. Lycopodiaceae. A, Lycopodium lucididum: Aa, fertile branch, X Vc,; Ab, branch 
up, vertical section showing sporangia, X 1. B. L. ohscurum: Ba, fertile branches, X 14; 
Bb, portion of strobilus in vertical section, X 5; Be, sporophyll and sporangium, X 5; 
C. L. clavatum: fertile and sterile branch, X Va. 

LITERATURE: 

Clausen, R. T. Hybrids of the eastern North American sub-species of Lycopodium 
complanatum and L. tristachyum. Amer. Fern Journ. 35: 9-20. 1945. [Cf. also op. 
cit. 36: 122. 1946.) 

Lloyd, F. and Underwood, L. M. Review of the species of Lycopodium of North 
America. Bull. Torrey Bot. Club, 27: 147 168. 1900. 

Nessel, H. Beitiage zur Kenntnis der Gattung Lycopodium. Fedde, Rep. Spec. Nov. 39: 
61 71. 1937. 

Underwood, L. M. and Lloyd, F. E. Species of Lycopodium of the American tropics. 
Bull. Torrey. Bot. Club, 33: 101 124. 1906. 

W1L.S0N, L. R. The spores of the genus Lycopodium in the United States and Canada. 
Rhodora, 36: 13-19. 1934. [Includes key based on spores.] ^ 

Order 3. SELAGINELLALES 

SELAGINELLACEAE. SELAGINELLA OR SMALL CLUB MOSS FAMILY 

A monogeneric family of mosslike or lycopodiumlike plants, of small to moderate 
size; stems usually abundantly dichotomously branched; tufted, creeping, pendent, 
erect, or occasionally climbing; leaves arranged in spirals, decussate pairs or in 4 
rows, characterized by presence of small membranous ligule sunken in pit at base 
of each leaf and on upper side, which develops early and shrivels prior to leaf 
maturity; roots mostly adventitious, dichotomous, often originating from supporting 
modified branches (rhizophores) ; plants heterosporous; microspores (small) and 
megaspores (large) in respective eusporangiate sporangia, borne in leaf axils; strobili 
(cones) formed in all species, lax or much condensed, terminal, usually 4-sided and 
sharply angled, each strobilus containing both mega- and microsporangia, the mega- 
sporangia (usually greenish-white) producing usually 4 large megaspores, the 
microsporangia (usually orange-red) producing several hundred minute micro- 
spores, the arrangement of sporophylls variable, but most commonly the mega- 
sporophylls are along the lower half of the strobilus; vegetative reproduction by 
bulbils, fragmentation or tip rooting common. 
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The single genus, Sclafiinclla, is composed of about 600 species, of which 37 
occur in the United States. The others are widely distributed, but mostly tropical, 
on all continents. Of the domestic species, 3 occur in the northeast, about 15 m 
the south and west into New Mexico, and 11 in the Pacific coast states. 

The order is related to the Lycopodiales and is similar to it in many respects, but 
perhaps not so closely as once believed. It is readily distinguished by the presence 
of the ligule, heterosporous strobili, and morphologically by differences in the 
gametophytes. On the basis of characters of both sporophyte and gametophyte thcic 
is ample evidence to justify treating the Selagincllales as advanced over the 
Lycopodiales. 



Fig. 41. SnLAGiNrLLACtAb A, Sekigtnella pallescem: Aa, habit of plant, X Vio; Ah, branch 
tip, y 2; Ac, fertile branch, vetlical section, X 3, Ad, same, showing megaspi rangium 
(left) and microsporangium light), v 10. B, Sclaginella Kiai4s\ianu: Ba, habit of plant, 
X ‘/lo, Bb, branch tip, X 1. (From L. H. Bailey, Manual of cultnotcd plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey ) 

About 25 species of Sclaginella are cultivated domestically as ornamentals, 
largely of tropical origins and grown as conservatory subjects. The highly publicized 
resurrection plant (5, lepidophylla) is shipped by the bale from Mexico and sold 
here as a novelty. 

LITERATURE: 

CLAUStN, R. T. Selaginella, subgenus Ewselagtnella, in the southeastern United States. 
Amer. Fern Journ. 36: 65 82 1946. 

RhhVh, R. M. The spores of the genus Selaginidla in north central and noitheastciii 
United States. Rhodora, 37- 342 345. 1935. 

Class III. PSILOTINAE 

A taxon characterized in part by the uniformly dichotomously branched thallus- 
like sporophyte, lacking true roots or leaves, the sporangia (eusporangiate in ori- 
gin) very large and 2-3-lobed; gametophytes somewhat re.sembling, but smaller 
than, the sporophyte; sperms multiciliate. A very primitive group of pteridophytes 
of relatively restricted distributions representing a class much isolated, phylogene- 
tically, from other living plants. Only the single order Psilotales, represented by the 
ore family, Psilotaceae. 


Order 4. PSILOTALES 
PSILOTACEAE. PSILOTUM FAMILY 

Epiphytic, herbaceous perennial plants, erect or pendulous; rootless, but with 
slender dichotomous microrhizal rhizomes; leaves wanting, but in Tmesipteris the 
branch tip flattened laterally and leaflike in superficial appearance; reproduction 
by spores from homospoious sporangia, the sporangia larger than in other pteri- 
dophytes (2-4 min across), conspicuous and borne solitary and terminal on branch 
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tips, containing as many chambers as lobes, spores numerous; vegetative reproduc- 
tion accomplished in Psilotuni by means of gemmae developed on the rhizomes. 

This is a small family represented by 2 genera and perhaps not more than 3 
specie^. Psilotiim, with 2 species, is frequent throughout tropics and subtropics, 
extending north, in hammocks, to Florida and the coast of South Carolina and in 
the Pacific to Hawaii. The monotypic Tmesipteris is mostly Australasian, extend- 
ing north via Malaysia to the Philippine Islands. 



Fig. 42. PsiioiACHAh Psilotum niidum'. a, feitile and sterile branches, X b, fertile 
branch node with sporangia, X 2; c, sterile bianch portion with leaves, X 2, d, spo- 
rangium, X 6; e, same, cross-section, X 6; f, sporangium dehiscing, X 6. 


There is no unanimity of opinion on the phylogenetic position of the Psilotales 
Wettstein concurred with Hngler and Diels in treating this order as Icpidophytic in 
origin and as advanced over the Sclagincllalcs, an interpretation extended further 
by considering also that they are advanced over the Isoetales. Eames (1936) treated 
them as the most primitive of extant vascular plants, pointing out that there is no 
evidence to support the hypothesis that the rootless and leafless character is a 
derived condition; on the contrary he considered the sporophyte to be thalluslikc 
in many respects, the entire plant a continuous dichotomously branched axis that is 
scarcely differentiated. These situations, plus the presence of the primitive cauline 
and terminal sporangia and superficial antheridia that produce multiciliate sperms, 
were held to be largely responsible for his disposition of the order. very differ- 
ent view was that of Chaudefaud (1950), who considered the Psilotales to have 
been ancestral to the Bryophyta. 

Psilotum is grown to a limited extent in conservatories as a novelty. 

HI hRAlURE 

CuAUDbrAOD, M. Les Psilotinccs et revolution dcs Archigoniates. Bui. Soc. Bot. Fr. 

97. 99 100, 1950. 

F,AMhs, A. J. Moiphology of Vasculai Plants. New Yoik. 1936. [ Psilotaceae, pp. 71 98.] 
Class IV. ISOETINAE^ 

A class composed of the single family, Isoetaceac. Allied to the Selaginellales by 
presence of a ligiile and existence of heterosporous condition, and to Lycopodiales 
in anatomical features of stem and leaves, but differs from both orders of that class 
by the general habit of plant, root system, morphology of stem, by possession of 
large chambered eusporangiatc sporangia, and multiciliate sperm. 

2 The elevation of this group to the rank of class by Engler and Diels is not followed 
by most authors. Walton and Alston (in Verdoorn Man. Pteridology) treated it only as 
a family of Lycopodiales, while Eames maintained it as an order by itself, acknowledging 
It to be distantly related to the orders of club mosses. 
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Order 5. ISOETALES 
ISOETACEAE. QUILLWORT FAMILY 



Fig. 43. IsoETAChAb Isoetes Eugelmannir. a, plant, habit, X 14; b, corm, with attached 
leaf bases, X 1; c, leaf, cross-section, X 8; d, leaf base, central side, X 3; e, leaf base, 
vertical section, X 3; f, corm with portion of leaf bases, vertical section, X 1; g, mega- 
spore, X 20. (i, velum; 1, ligule; me, megaspores; mi, microspores; s, sporangium.) 

Small herbaceous perennial aquatics or plants of wet places, amphibious or some 
species wholly submerged along lake or pond margins, grasslike or sedgelike in 
appearance; the tufted quill-like leaves arising from a thick flattened cormlike sub- 
terranean axis that becomes grooved or lobcd with age; roots produced from basal 
portion of the axis; leaves usually a few centimeters (rarely to 10 dm) long, 
crowded on the obtusely elevated rim of axis, linear, tapering, terete or angled, 
traversed by 4 septate longitudinal air canals whose cross partitions bear a vascular 
strand (bast bundle) in center and often 4 or more in the periphery, the leaf base 
spoon-shaped with a persistent ligule present above the ventral concavity, each leaf 
a potential sporophyll; typically 3 sets of sporophylls present, the outermost mega- 
sporophylls enclosing microsporophylls with the innermost ones abortive, immature, 
or undeveloped (in a few spp. microsporophylls intermixed with megasporophylls); 
the sporangia, situated in the ventral concavity of each fertile sporophyll, are the 
largest of any living plant (4-7 mm long), their ventral side usually covered by a 
flap or fold (the velum), chambered by plates or bars (trabeculae) into several to 
numerous lacunae; microspores very numerous (150,000-1,000,000 in single micro- 
sporangium of most species), minute and of various surfaces; megaspores (gyno- 
spores of some authors) large, numerous (50-300 per megasporophyll), tetrahedal, 
the siliceous surface conspicuously .sculptured, ridged, crested, or papillated; 
dehiscence effected only by decay of tissues or external disturbance: vegetative, 
reproduction rare or nonexistent. 

The family is composed of a single genus, Isoetes, having about 60 or more 
species of world-wide distribution exclusive of tropical regions, where they are rare 
or absent. About 20 species of Isoetes occur in the United States, with 7 in the 
noitheast, 3 in the southea.st, 8 along the Pacific coast area, and 3 in the plains 
areas extending southward into Mexico. Pfeiffer (1922) recognized the genus to 
be composed of 4 sections, based on the surface character of the megaspores. No 
members of the family are of significant economic importance. 

The Isoetales are generally accepted as composing a class by themselves (Isoe- 
tinae) and Isoetes is the only extant remnant of a once dominant component of a 
part of the earth’s flora. Among living plants they are most closely allied to the 
Lycopodiinae, although by Engler and Diels the Psilotinae was placed between these 
2 cla.s.ses. Fames considered the Isoetales to be more closely allied to the Selaginel- 
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laics, pointing out in this regard (1936) that “there is little to tie the two groups 
together except the presence of a ligule.” Phylogenists (Wettstein, Eames) consider 
the quillworts to be relics or derivatives of the Icpidodcndraccous Pleumme.alcs, 
a dominant group of the C arboniferous that persisted into the Triassic, rather than 
derned fiom known ancestral stocks of cither Lycopodialcs or Selaginellales. 

IJH.RAIURE 

Gr! NDA, A. ('b»*i die systemalische Stcllung der Isoetaceen Bot. Aichiv. 16: 268 296, 
1926 

Pi I If I LR, N H. Mvinograph of the Isoetaceae. Ann Mo. Bot. Card. 9: 79 232, 1922. 

Class V. FILICINAE 

The Filicinae. or true ferns, represent the most dominant group ot‘ pteridophytes 
in our present-day fern flora. They arc primarily terrestrial plants with membeis 
of a few families epiphytic and others limited to aquatic habitats. Members of the 
gioLip aie distinguished, as a class, from other pteridophytes by their conspicuous, 
typically large, foliaccous leaves that open usually from circinate vernation, and 
on which the 1-loculed sporangia are borne marginally or doi sally; the spoies 
always micioscopically minute, uniform, and (except for 2 families) homosporous. ‘ 

The Filicinae were divided by Englcr and Diels (1936) into 2 subclasses, 
luisporangialae and Leptosporangiatae.' Fach subclass was divided into 2 orders: 
Fusporangiatae into Ophioglossalcs and Marattiales; Leptospoiangiatae into Fuflli- 
cales and Hydroptcridales. The four orders of Filicinae are represented in temperate 
North America by about 12 families, 42 genera, and 110 species. All except 2 of 
the genera aie of leptosporangiate ferns. 

LULRATURh 

Bowl K. F O. The lerns (Filicales) tieatcd comparatively with a view to their natuial 
classification. 3 vols Cambridge, Fngland, 1923 1928. 

Chrism NsiN, C. Index Fihcum (cf p 287 for annotated citation). 1905 1906 | Supple 
ments issued through 1934 | 

L'ilicinac In Verdoorn, Manual of Pteridology. The Hague, 1938. [cf. pp. 522 
550 I 

Coin I AND, F B. Genera Filicum (Annales Cryptogamici et Phytopathologici, vol. 5) 
Chionica Botanica Co, Waltham, Mass., 1947 * 

Famis. a. .J Moiphology ot vasculai plants Lower groups. New Yoik, 1936 
Fn(iI LR, A, and DihLS, L. Syllabus der Pllan/enlamilicn. Aufl. 11. Bcilin, 1936. 

Foi additional references to illustrated works, regional treatments, and major 
monogiaphs (to 1937) see Christensen (1938), pp 525 -527. 

’Chaiacteis of the gametophyte ( piothallium), while of majoi moiphological and 
plwlogenctical significance, aie not of ordinaiy use taxonomically and are omitted Irom 
the descriptions that follow. 

‘ In all leins, the sporangia develop from one or more primoidial cells known as initials. 
A cuspoiangi.ite lern is one whose sporangia have developed fiom a group of sunerlicial 
initial cells that divided peiiclinally (i.e. into laycis parallel to the suifacc) to foim 
innci and outer layers of cells, with the inner becoming spoie-pioducing and the outer 
icmaining steiile and developing into the spoiangium proper. A leptospoiangiate fern is 
one whose sporangia developed individually, each from a single initial cell, which divided 
peiiclinally oi obliquely, and of the 2 cells resulting from this division, only the outer 
one (by subsequent divisions and dilTerentialions) gave use to the spoiangium and its 
contents. Ihcse spoiangial origins are of lundamental importance to phylogenetic con- 
siderations of the pteridophytes; the eiisporangiate type, occuriing in the fiist 4 classes 
(and the first 2 orders of the fifth class), is the moie primitive, and vhile because of its 
micioscopic nature the characlei of sporangium origin is of no piactical taxonomic use 
in the herbarium or field, its significance must be recognized and acknowledged 
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Subclass EUSPORANGIATAE 

The eiisporangiale fcins, comprising the pnmilive elements of the Pilicinae, aic 
repiescnted by the orders conta ning the 2 families Ophioglossaceac and Marattia- 
ceae. The eiisporangiate character is common to all members of the 4 classes re- 
counted to this point, and the members of this subclass are piesumcd to have been 
derived from ancestral stocks allied to the lycopsid and sphenopsid groups. 


Order 6. OFHICMJ.OSSALES 

Mostly terrestrial herbs, sometimes epiphytic; leaves solitary or few, not of 
circinatc vernation, dimorphic or usually with a sterile foliaceoiis segment and 
fertile nonfoliaccous branch arising from a common stipe, the blade simple, lobed, 
or variously compound; fertile segment simple, racemose, or paniculate, the spor- 
angia eiisporangiate, large, naked, the walls more than 1 cell thick, without annulus, 
bivalvate and dehiscing by a slit, producing many thick-walled spores. Ophioglos- 
saceae the only family. 


OPHIOGLOSSACEAE. GRAPEFERN FAMILY 



Fig. 44. Ophioulossaci-ai Botrvchmm vitgimatwm: a, habit, X b, sterile fronds, 
X ‘/4: c, fertile frond, X W; d, fertile pinna, X 2, e, sporangia, X 6; t, rootstock, ' Vi. 
(From L. H Bailey, Manual of culti\atcd plants, The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Liberty H. Bailey.) 

A family with characters of the order, of 3 genera {Botrvchiuni, Ophio^lossiim, 
and Helniintliostachys) and about 60 species, of wide general distribution over the 
earth. Botrvi liium was treated by Clausen (1938) as composed of 23 species and 
distributed among 3 subgcnera, with 1 1 species native to temperate North America. 
Helmiuthostachys is monotypic and is native in the Indo-Malayan and northeastern 
Australian regions. Ophin^ilossum {fide Clausen) has 28 species, placed by him in 4 
subgenera, with 7 species considered indigenous within this country. 

The ferns of the Ophioglossales are conceded to be among the most primitive of 
the Filicinac, but among themselves they are often highly specialized, with the 
evidmees of specialization lying in features of reduction and simplification from 
more complex relatives and ancestors. The order has been considered a derivative 
or close ally of lycopodiaceous ancestral stocks, and in the gametophytes are found 
conditions that parallel those existing in members of the Lycopodiales and Psilotales. 
Within the family, Botrychiiim is accepted phylogenetically as the most primitive 
genus, and Ophio^lossuni as the most advanced. 

LITERATURE: 

Clausi n, R. T. a monograph of the Ophioglossaceac. Mem. Torrey Bot. Club, 19(2): 

1 77, 1938. 
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Order 7. MARATTIALES 

Leaves circinate in vernation, attached to rhizome or a globose stem by a 
swollen joint, the pinnae jointed to rachis or stipe by swollen nodes, stipules present; 
sporangia eusporangiate (i.e., developed from a many-celled initial), the walls more 
than 1 cell thick opening basically by a ventral longitudinal split. Marattiaceae the 
only family. 

C hristensen (1938) recognized 2 families in this order: Angioptcridaceae and 
Marattiaceae. Copeland (1947) tieated these as 2 subfamilies of Marattiaceae, 
while Engler and Diels subdivided them into 5 subfamilies. On the basis of mor- 
phological, anatomical, and pliylogenetical considerations. Fames (1936) treated 
the order as composed of a single family. 


MARATTIACEAE. MARATTIA FAMILY 



Fig. 45. MARAniACLAL. Marattia alaia: a, fiond pinna, X b, pinnule with sori, X 3; c, 
sorus, '/ 7, d, sorus in sectional view, X 12. (c-d ledrawn irom Bauer.) 


A family having characteristics of the order, composed of 6 genera, all except 
Danaca restricted primarily to tropical regions. None is indigenous to the regions 
accounted for in this text, but representatives of Marattia are cultivated domestically 
to a veiy limited extent in conservatories. 

Subclass LEP TDSPORANGI ATAE 

The leptosporangiate ferns, so named because of the character of the origin ot 
the sporangia (cf. footnote 4), are the dominant ferns of temperate regions, and 
arc accepted as advanced groups over the primitive eusporangiate genera of the 
Filicinac. The recognition of 2 distinct orders within this subclass is accepted by 
many taxonomists, but the validity of the Hydropleridalcs as an order has been 
challenged and rejected by recent morphological studies. 

Order 8. EIJFILIGALES 

Herbaceous to arborescent, and terrestiial to aquatic ferns, varying widely in size 
and habit; leaves of circinate vernation, generally produced abundantly, occasion- 
ally diinoiphic: sporangium leptosporangiate (i.c., developed from a single cell), the 
wall 1 cell in thickness, an annulus present. Treated by Engler and Diels as com- 
posed of 8 families, by Christensen (1938) of 15 families, by Copeland (1947) 
of 19 lamilics, and by Holtium (1947) of 11 families. 

LITERA TURE (cf. also above, undei Filicineae) : 

Holtium, R. E. A revised classification of leptosporangiate ferns. Journ. Linn. Soc. Bot. 

53: 123 158, 1947. 

The classification of ferns. Biol. Rev. 24: 267 296. 1949. 
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OSMIJNDACEAE. OSMUNDA FAMILY 



Fig. 46. OsMUNDACFAh A, Osiniwda cinnanioniea: Aa, habit, much reduced; Ab, seg- 
ments of fertile frond, X 3, Ac, spoiangia, X 10. B, Osmumla Claytomami. Ba, habit, 
much reduced; Bb, portion of fiond with steiile (s) and fertile (f) segments, X Vi. 
(From L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Libeity H. Bailey.) 

Terrestrial or subaquatic ferns of ordinary habit, rarely arborescent; leaves pin- 
nately compound or decompound, uniform or (in Osmunda) dimorphic, the veins 
free and dichotomous, the stipe scaleless, somewhat sheathing at base, stipules or 
stipuloid structures present; indusia none, son none; sporangia large, developing 
simultaneously, scattered on dorsal surface of leaf or on both sides of modified 
fertile portions of the leaf, thin-walled, short-stout-stalked, globose to pyriform, the 
annulus incomplete and imperfect, composed of thickened cells on one side near 
apex, dehiscence by vertical slit originating at annulus, extending over top to 
other side. 

A family of 3 genera and about 20 species. Osmunda, with 12 species of 
temperate to tropical swampy regions, has 3 species extending in the aggregate 
from Newfoundland to Florida and west to the Northwest Territories of Canada 
southeast to Texas and into Mexico. The monotypic Todea is disjunctive in its 
distribution, occurring in Africa, Australia, and New Zealand. Leptoptens (6 
species), with very thin filmy leaves, extends from New Zealand to Polynesia and 
Malaysia. 

Tile family is primitive among ferns and while in some respects tiansitional 
between cusporangiate and Icptosporangiate families, it does not serve as a bridge 
between them. Among its distinctive characters are th^ peculiar sporangial de- 
hiscence with the annulus composed of a group of clustered, often lateral cells 
rather than the usual ring. 

Fconomically Osmunda is of importance as the major source of fiber obtained 
from the roots and rhizomes and used in the culture of orchids and other epiphytes. 
The cinnamon fern {O. cinnamomca) and the interrupted fern (O. Claytoniana) 
arc commonly cultivated. 

LITERATURE' 

PiNEDKT, R. C. Osmundaceae. In North Amer. Flora, 16: 1909. 

FiKNAiD, M. L. Some vaiietics ot the Amphigean species of Osmunda. Rhodoia, 32; 

71-76, 1930. 

SCHIZAEACEAE. CURLY GRASS OR CLIMBING FERN FAMILY 

Terrestrial ferns of very diverse habit, some extremely small and grasslike, 
others climbing by leaves of indeterminate growth; leaves uniform or more com- 
monly dimorphic; sori wanting or present, indusium none but a false indusium often 
evident, the sporangia solitary, marginal but sometimes seemingly dorsal, the an- 
nulus transverse, apical, complete; dehiscence by a vertical slit. 


346 


SELECTED FAMILIES OF VASCULAR PLANTS 


A family of 4 genera and about 1 60 species, mostly tropical, rare in temperate 
regions. Three species occur sporadically in this country as rarities, Lygodiiim 
palnuitum (climbing fern) from Florida to New Hampshire and Schizoea pusilla 
(curly grass) from New Jersey to Nova Scotia and Ontario. Lygodiiim japonicnm 
is escaped from cultivation and naturalized in parts of southeastern United States. 
A third genus Anemia, with erect dimorphic fronds, has 2 species indigenous to 
southern United States. Schizaea Gernuinii (Actinostachys) is a rarity of southern 
Florida. The family is distinguished from other leptosporangiate ferns by the soli- 
tary sporangia, each with a transverse apical annulus. The genera are so markedly 
distinct in habit that each has been raised individually to family rank by early 
authors. 



Fig. 47. ScHi/AiACiAi L) podium paUnatunr a, plant, X b, section of fiond showing 
sterile (s) and leilile (I) pinnae. X Vi, c. feitile segments, X 2, d, sporangia coveied by 
indusia, • 5, e, sporangium with mdusium cut and opened back, / 10 (From L. H 
Hailey, Manual of cultivated plants, The Macmillan Company, 1949. C'opyiight 1924 and 
1949 by 1 ibeily H Hailey ) 

Fhc Schi/aeaceae were considered by Fames (1936) and by Diels (1936) to be 
one of the 3 most piimitive families of the order, a conclusion strongly supported 
by paleobotanical •cvider^ce and strengthened by the presence of characters inter- 
preted to be primitive: among these, the large spoiangia borne on naked leaf 
segments and the leaves with slow and long-continued growth The family is further 
interpreted to have been derived from ancestral stocks that have given rise directly 
or indiiectly to such families as the Dicksoniaceae, Marsileaceae, and Hvmcno- 
phyllaceae. * 

LyiZodiitni (climbing fern) is cultivated in subtropical regions outdoors on 
trellises, and in the north L. palmatnm (the climbing fern) is much prized in 
ferneries as a raiity. Schizaea is offered occasionally by dealers in native plants, 
but IS little cultivated and then as a novelty, whereas Anemia is not uncommon in 
conservatories or, in the south, in outdoor gardens. 

LirF:RATURi:’ 

Maxon, W. R. Schizaeaceae. In North Amei. Flora, 16: 31-53, 1909. 

Si LLiN(j, O H. Studies in lecent and fossil species of Schizaea, with particular reference 
to therr spore characters. Acta. Hort. Gotob. 16: 1 109, 1944 [Includes also an 
historical account of the genus and detailed bibliography. 1 

GLEICHENIACEAE. GLEICHENIA FAMILY 

Terrestrial ferns with long-creeping rhizomes; leaves pseudodichotomous and 
usually forking several times due to arrested growth of the main divisions that 
develop in succeeding seasons, the pinnae mostly coriaceous with veins free; spo- 
rangia few in dorsal sori, indusia wanting, the annulus complete, extending obliquely 
around the back and over the top of the pyriform sessile sporangium, dehiscence 
by a vertical slit along ventral side. 
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A family, considered by Diels as composed of a single genus {Glcichcnia), by 
Christensen to be of 5, and by Copeland of 6 gencia About 130 species are lecog- 
nized. Tus^y are mostly feins of drier habitats (often weedy) in the tropics and 
subtropics of south tempeiate legions, with 2 species reaching Japan, a few others 
in Hawa 1 and 1 extending fiom Brazil to the West Indies and north into Mexico 
with an isolated station on Mon Louis Island, Alabama. No representatives of the 
family arc known now to be eultivated domestically. 



Fig. 48. GLLinirNiAc bAr Gleichenia fiexuosa: a, poition ol frond, X \<x\ b, pinnule with 
son, X 5; c, soius, X 30; d, sporangium, X 40. 


The Glcicheniaccae, along with the Osmundaccac and Schizaeaceae, were con- 
sidered by Fames (1936) and by Diels (1936) to be one 3f the 3 most primitive 
families of the Hufilicales, and are generally acknowledged to represent ancestral 
stocks thtit gave rise to, among others, the Cyatheaceae. Evidences of pr!m:tiveness 
in th^* family are the dicholomously branched stems, the leaves of indeterminate 
growth, the nonindusiate simple and superficial sori, and the large sporangia pro- 
ducing numerous spores. 

LATER ATURh. 

Cuing, R C. On the genus Gleichenia, Smith. Sunyatsenia, 5: 269 288, 1940. 

Maxon, W. R. Gleicheniaceae. In North Amei. Flora, 16: 53-63, 1909. 

HYMENOPHYLLACEAE. FILMY FERN FAMILY 




Fig. 49. Hymlnophyi LACEAE. Trichomanes Boschianum: a, rhizome and fronds, X 
b, fertile pinna, X 3, sporangium, X 50; d, feilile segment with sorus and indusium, 
X 6. 

Small, delicate ferns; stem usually rhizomalous; leaves 1 -celled thick between the 
veins, entire or dichotomously forked or 1-3 p'nnatc, rarely thalloid or orbicular, 
the veins dichotomously branched, the stomata absent (leaves absent in 2 genera); 
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sporangia in marginal sori that are raised on a slender columnar projection of the 
veinlet and enveloped by a cup-shaped indusium; sporangium thin-walled, with 
complete and horizontal (equatorial) annulus, dehiscence vertical or oblique; spores 
tetrahedal to globose. 

Conventionally considered as composed of 2 genera {Hynienophylliim and 
Tru homancs) and 300 400 species. These are segregated into 33 genera by Cope- 
land, whose tieatment is gaining in recognition as the plants become better known. 
The species occur throughout the tropics and in New Zealand, with one species 
extending to central Hurope and another (Tnihonumes Boschuiniim wSturm) ex- 
pending from Alabama to Kentucky and Illinois, where it occurs on moist sandstone 
cliffs. Almost all are plants of warm humid regions growing in at least partial 
shade on rocks, cliffs, and trees. 

Species of both genera are cultivated as novelties and with difficulty. 

LIT hRA JURE 

CopriAND, E. B. (ienera Hymenophyllaceariim. Philip. Journ Sci. 67: 1 110, 1938. 


CYATIIEACEAE. CYATHEA FAMILY 

Tree ferns, shrubby or, in some species, with stout, erect dictyostelic trunks to 
15 ft or more high and 2-20 in. thick, the trunks branching in some cases and 
often clothed with matted adventitious roots or apically with hairs or scales; leaves 
generally large, to 15-20 ft long in some species, bipinnatcly divided, arranged 
spirally in a terminal widesprcading crown, the stipe often densely chaffy-scaly 
or spiny at base, the base also sometimes with frondlike abortive pinnae (aphle- 
biae); venation mostly open, single or forking, never reticulate; sori superficial, 
dorsal on the veins, gradate, an indusium usually present (absent or vestigial in 
Alsoptuhi), inferior, usually cup-shaped, or covering sorus from one side as a 
flaplike scale; sporangia small, on typically 4-cellcd stalks, thin-walled, the annulus 
complete, oblique, dehiscence transverse. See Fig. 50. 

fhe family was considered by Engler and Diels {sensu Cyatheae), by Eames, 
and by Christensen as composed of 3 genera {Ahophila, Ilemitelid, Cyathea), and 
by Copeland of 7 genera. Diels placed the number of species at 265, while by 
Christensen it was assessed to be about 700, and by Copeland in excess of 800. 
The family is restricted in distribution to tropical mountain forests from Mexico 
to Chile, Malaysia to Australasia and New Zealand, and Africa. Species of 
Alsophila and Cvathea arc cultivated as tub and pot subjects. Pith from the trunks 
is used in India in making an intoxicating beverage. In New Zealand the pith was 
formerly used as a food product. 

The Cyatheaceae were treated by Copeland ( 1947) as of probably antarctic origin 
with migrations having extended northward through western South America to 
Mexico, into Africa and likewise northward into Malaysia and the Pacific island 
groups. Eames (1936) considered the family to have been deiived from ancestors 
clearly allied to the Gleichcniaceac. 

DICKSONIACEAE. DICKSONIA FAMILY 

Tree ferns, or in some species, low-growing rhizomatous ferns, allied to, and by 
some authors (including Engler and Diels) treated as a subfamily of Cyatheaceae 
(other authors, including Bowers, reject existence of this alliance). Distinguished 
from Cyatheaceae by the marginal sori borne at vein tips and by the leaf bases 
hidden by an abundance of dense wool (no scales present). The indusium is cup- 
shaped or bivalvate. 
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Christensen, Wettstein, and Eames each recognized this as a distinct family.*' 
The genera are 5 in number (2 are monotypic) and the species are about 30. 
Distribution is disjunctive with representatives occurring in eastern Asia, Malaysia. 
Hawaii, Central America, and the Juan Fernandez Islands. One genus {Cihotium} 
is of domestic economic importance as an ornamental tub or pot subject. In nativ# 
localities the wool from stipe bases has been used for pillow stuffing. 



Fig. 50. Dicksoniacfai . a, Cihotium Schiedei: Aa, plant, much reduced, Ab, frond seg- 
ment with son, X 2; Ac, sonis, X 10; Ad, sporangium, X 25. CYAiHhACEAr. B, Ahophila 
australis: Ba, frond segment with son, X 2; Bb, sorus, X 10, Be, sorus, vertical section, 
X 10, Bd, sporangium, X 25. (From L. H. Bailey, Manual of cultivated plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Fames has pointed out (1936) that the Dicksoniaccae are not morphologically 
nor phylogenetically closely allied to the Cyatheaceae. He concluded that the resem- 
blances between them — arborescent habit, the small flat sporangia with nearly 
vertical annuli and mostly gradate sori — result from parallel advancement to the 
same level, and that they have evolved from schizaeaceous stock rather than the 
gleicheniaceous ancestors of the Cyatheaceae. Each family appears to represent 
developmental zeniths of its respective evolutionary line. 


POLYPODIACEAE. FERN FAMILY 

Ferns of very diverse habit, rarely treelike; vegetative characters very variable, 
leaves usually monomorphic, but in some genera dimorphic, simple to decompound, 
the veins usually forking, open or reticulate; sporangia usually in sori; the sori 
mostly dorsal or marginal, naked or more often indusiate, generally mixed or 
gradient (sporangia of various degrees of development within each sorus); indusiurn 
(when present) inferior or superior; sporangia thin-walled, long- or short-stalked, 
the annulus incomplete, vertical, interrupted by the stalk, dehiscence transverse. 

As treated here, the largest family of ferns, composed of about 170 genera and 
7000 species, of wide distribution over most of the land areas of the earth, especially 
abundant in forests and humid areas, but occurring in almost all floristic areas or 
zones from desert to rain forest and from tropics to arctic or antarctic. Christensen 
(1938) recognized about 25 genera having in excess of 50 species each, of which 
those having North American representatives (together with total number of species 
for the genus) arc Dryopteris (650 spp.), Asplenitim (650 spp.), Pteris (250 spp.), 
Polystichum (225 spp.), Adiantiim (200 spp.), Athyriinn (180 spp.), Cheikinthes 

Copeland t^’eated the components of this family as distinct from Cyatheaceae, but 
merged them into the large family (about 60 genera) of Pteridaceae (the latter not 
accepted by Lngler and Diels nor in this text). 
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(130 spp ), Blechmon (180 spp.), Phymatodes (100 spp.), Pellaea (80 spp.), 
Vitturia (80 spp ), Dennstaedtia (70 spp.), Nothohicna (60 spp.), and Poly podium 
(sensii sttwtu, 50 spp.). Many well-known genera of North America are represented 
by only 1 or a few indigenous species, as Ptendium, Onoclea, and Campiosonis, 



Fig. 51. Poi YPODiACi Ar A, Nepluolepts exalUitu: Aa, pinna with son, XM, Ab, soriis, 
X 15, Ac, sporangium, X 25. B, Blechnum: pinna, X 1. C, Asplcniuni hulhifei u/n: Ca, 
pinna, X 1 2, Cb, sorus, X 5. D, FcUaca vindis: Da, pinna, X X2; Db, contiguous son, 
"<2 R. Phavcenum hifmcatunr habit showing fcitile poilion (1) of frond, X Vu F, 
Phylhtis Si olopioidnnni: Fa, distal end of liond with son, ' *2, Fb, sorus with double 
indusiLim, X 3 . G, Folystichion sciifctuni. C»a. poilion ol lacliis with lei tile pinna, X X2, 
Cib, sum. 10, H, Adiantitnv pinna with son, X \i 1. Da\aUia. la, pinna with son, 

2, lb sorus. 10, le. spoiangium. X 25. (From L. H. Bailey, Manual of cultivated 
plants, I he Macniillan Company, 1949. Copyright 1924 and 1949 by Liberty If Barley.) 

Plendologists and morphologists are agreed that the Polypodiaceae, as consti- 
tuted by Diels or Christensen, phylogenctically are not a natuial family, but rather 
are an assemblage of extraordinarily diverse ferns that are held together largely by 
the possession in common of a vertical incomplete annulus associated with a 
lenticular long-stalked sporangium. The pertinent summary of the phylogenetic 
position of the members of this family as given by Eames ( 1936) is quoted below 
in part: 

They serve as an excellent example of a polyphyletic group — a group which is lied 
together by the attainment of certain advanced characters which have been selected as 
a taxonomic basis. They stand definitely at the top among leptosporangiate ferns — an 
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aggregation of the highest members of the several lines of this stock; they are the modern, 
the young ferns. The fossil record bears out this conclusion, which has been drawn fiom 
the evidence of compaiative study, for no membeis of the family aie known before the 
Mesozoic. 

Recognition of the unnatiiralness of this family resulted in recent reclassifica- 
tions of it independently by several authors, notably Christensen (1938), Ching 
(1940), Dickason (1946), Holllum (1947, 1949), and Copeland (1947). Christen- 
sen retained the family in its conventional and conservative sense, but divided it 
into 15 subfamilies which he conceded were “perhaps better dealt with as families.” 
Ching subdivided it into 32 families: Holttum considered its components to repre- 
sent 5 families with one of these subdivided into 1 1 subfamilies; Dickason accepted 
Ching's 32 families but realigned them into 2 groups based on sorus position; and 
Copeland reclassified the Polypodiaceae as comprised of 9 families. For a review 
of these treatments see Weatherby (1948), whose personal opinions favored the 
treatment by Copeland. Since no 2 of these 5 reclassifications of Polypodiaceae were 
in agreement as to what constituted a family or as to the phylogenetic sequence of 
the elements of this assemblage, any claim to validity or acceptance of one over the 
others must await the test of time. 

The ferns of this family are of little economic importance except for the ap- 
proximately 225 species grown as ornamentals. Among the more important of the 
4^ genera having ornamentals reportedly cultivated in America are Neplimlepis, 
Adiautimis Dryopteris, Platycerium, Polystichnm, Poly podium, Dennstacutia, Daval- 
Ha, Pityrogramma, and Cyrtomium. 

LITERATURE: 

Ching, R. C On the natural classification of the family Polypodiaceae. Sunyatsenia, 
5: 201 268, 1940. 

CHRisifcNStN, C. 1938. |cf. entry under Filicmae. 1 

CoptLAND, E. B. Comment on natuial classification of the family Polypodiaeae. 

R. C. Ching. Sunyatsenia, 6: 159 177, 1941. 

.Genera Filicum. Waltham, Mass. 1947. 

Dickason, F. G. A phylogenetic study of the ferns of Burma. Ohio Journ. Sci 46. 73- 
108, 1946. 

Fames, A. J. Morphology of vascular plants (pp 274-277). New Yoik, 1936. 

Holtium, R. E. 1947 and 1949. [cf. entries under Eufilicales.J 

Wfatherby, C. A. Reclassifications of the Polypodiaceae. Amer. Fern Journ. 38: 7-12, 
1948. 


PARKERIACEAE. WATER FERN FAMILY « 

Aquatic annual ferns, floating or rooting in substrate; rhizome short, erect; leaves 
pinnately decompound, mostly 1-2 ft long, glabrous, dimorphic, the sterile ones 
broad and laminate, less divided than the fertile ones, the veins anastomosing with- 
out included vcinlets; leaves usually floating, proliferating new plants asexually in 
ixils, the fertile ones more finely cut with narrower segments and revolute margins 
almost completely enclosing the scattered sporangia; no sori or indusia piescnt; 
sporangia sessile on the veins, large, glo’ ose, thin-walled, the annulus broad ami 
nearly complete to almost wanting, the dehiscence transverse. 

A family of a single genus iCeratoptens) containing perhaps seven species of 
mostly tropical distribution in Asia, Africa, and the New World, 2 species extend- 
ing north into Florida and westward to Louisiana. 

® In much of the literature this family passes under the later name of Ceratopteridaceae 
(Maxon, W. R. Ptend. Porto Rico, p. 379. 1926). 



352 


SELECTED FAMILIES OF VASCULAR PLANTS 


The Parkeriaceae were recognized by Benedict, Wettstein, Diels, Ching, and 
Copeland as a family. Other phylogenists (Bower, Christensen, and Holttum) have 
considered them either as a part of Polypodiaceae (Gymnogrammeoideae) or treated 
the single genus {Ceratopteris) as a component of one of the families segregated 
from Polypodiaceae (Holttum placed them in Adiantiaceae; Christensen in the sub- 



52. pARKbRiACEAL Cemtopteris thalictroides: a, habit with sterile and fertile fronds, 
X Vu\ b, fertile frond segment, X 1; c, section of fertile fiond showing spoiangia, X 4; 
d, sporanguim, X 12. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Libeity 11. Bailey.) 

family Gymnogrammeoideae of Polypodiaceae, a view favored but not adopted by 
Copeland). I'heir claim to familial status apparently rests largely with their spe- 
cialized sporophytic habit associated with ihcir restriction to aquatic habitats, char- 
acters that readily permit macroscopic recognition, but are of little or no phylo- 
genetic significance. However, it is apparent from analysis of its reproductive struc- 
tures that Ceratopteris is closely allied with such genera as Onvchittm and 
Cryptopramnia, and because of this, the views of those who do not retain Parkeria- 
ceae as a separate family should be considered. 

One species, Ceratopteits siliqitosa, is grown as a food crop (for greens) in the 
Orient, and 2 or more species are cultivated here for ornament in pools and aquaria. 

LirERAlURE’ 

Blneuk i, R C. The genus Ceiatoptens a preliminaiy revision. Bull. Tprrey Bot. Club, 
36 463 476, 1909. 


Order 9. IIYDROPTERIDAI.ES 

Aquatic leptosporangiate ferns, rooting in the substrate or free-floating, distin- 
guished from the Rufilicales by the pre.sence of spotocaips enclosing the usually 
heterospoious sporangia. The oider was treated by Hngler and Diels, Christensen, 
and by Copeland as composed of 2 families ( Marsileaccae and Salviniaceae) . Eames 
fl936) considered that heterospory arose independently within these families and 
that they are not closely related nor to be held together by this character: “the 
group Hydropteridincae is an unnatural one and should not be maintained . . . 
The Marsileaceae and the Salviniaceae are to be considered members of the Fili- 
cales, far advanced along the line of spore and gametophyte specialization and 
representing end products of two lines of elaboration.” 

MARSILEACEAE. WATER CLOVER FAMILY 

Aquatic or marsh plants with slender creeping rhizomes, growing in mud, the 
leaf with blades (when present) often floating on surface of water and petioles 
arising from rootstocks, the blades simple or with 2 to 4 pinnae, fan-shaped, the 
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veins dichotomous and anastomosing at margin; plants monoecious, producing 
megasporangia and microsporangia; the sporocarps hard and bean-shaped, borne 
on the petioles laterally or at their bases, stalked, solitary or numerous. Morpho- 
logically, the sporocarp is a modified leaf segment, folded together, containing 2 
rows of indusiated sori within. Megasporangia produce mcgaspores which on 
germination give rise to egg cells, while the microsporangia produce microspores 
that give rise to sperm-producing antheridia. 



Fig. 53. M/VRsiLhAc I Ai . Matsilea qucuhifolur. a, portion of plant, \\\ b, spoiocaips, 

^ 1, c. geiminating sporataip, son pendent liom gelatinous tissue. 1 * 2 , d, sorus, seen 
Irom below, showing large megasporcs surrounded by smaller n’ciospoies. 8. 


A family of 3 genera and about 72 species. Marsilea (water clover, pepperwort) 
the largest with about 65 spp. of wide almost cosmopolitan distribution except foi 
limited occurrence in North America, where 1 species is native from British 
Columbia to Texas and California, and naturalized east to Florida and Connecti- 
cut, 3 others mostly restricted to Texas, and a fifth naturalized in numerous 
localities. Pilularia, with 6 species of widely scattered distribution fiom Australia 
and New Zealand to Chile, Europe, and North America, has filiform or grasslike 
leaves. One species {P. amencana) occurs in the southeastern United States from 
Georgia to Arkansas and also along the Pacific coast of North America from 
Oregon to southern California. The third genus, Rcf^nellhiium, with leaves of 2 
opposite leaflets, is monotypic and known only from southern Brazil. 

I'he family is of very limited economic importance. Marsilea quadrifolia is avail- 
able in the trade as an aquatic novelty for pools and aquaria. 

LITERATURE: 

EAMhs, A. J. Morphology of vasculai plants. New York, 1936. [cf. Chapt. X tor de- 
tailed account of morphology of the family and details of reproductive phenomena. ] 
SiAsoN, M. The Marsilcas of the western United States. Bull. Toney Bot Club, 53: 
473 478, 1926. 


SALVINIACEAE. SALVINIA FAMILY 

Small, floating aquatics not fernlike in appearance; stem small or wanting, root- 
less (in Salvinia) or with simple unbranched roots (in Azolla); the leaves small, 
not circinatc in vernation, dimorphic and in whorls of 3 (in Salvinia) with 2 lateral, 
stiff-hairy, and floating, and the third submerged, dissected into 8-12 filiform hairy 
segments, or uniform and alternate (in Azolla) with each leaf papillate and divided 
into an upper aerial lobe and a lower submerged lobe; sporocarps in clusters or 
rows on submerged leaves (in Salvinia) or on the first leaf of a lateral branch 
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(in AzoUa), heterosporous, the sporangia borne on basal columns in the single 
cavity of the sporocarp, both megaspores and miciospores present initially, but onlv 
one kind maturing, resulting in each sporocarp becoming entirely “male” or “fe- 
male,” uniform in size and shape (in Salvmia) or dmoiphic (in AzolUi) with the 
“male” sporocarp being much larger than the “female” and with numerous m»cro- 
sporangia, while the smaller megasporocarp contains a single megasporangium: the 
clusters of mic’osporangia within the sporocarp lepresenting indiisiated sori, 
annulus absent or only vestigial 




Fig. 54. SAiviNiACrAH A, Salvinia }otundijolia Aa, habit of plant, ' ' 2 ; Ab, single 
plant with spoiocaip and subniciged pinnalisect leaves, " 1, Ac, spoiocaip, X S; Ad, 
sjioioctups, veitical section with niegaspoiangia (let!) and miciospoiangia (light), 10 
11, A-j)Ua fihcuhulcs: Ba, habit, X I, Bb. steiile bianch, 2. Be. leal, ' S (biom i . 11 
I ailev Manual of cultivated plants. The Macmillan Company, 1940. Copynghl 1924 and 
1949 by I ibcrty 11 Bailey ) 


A family of 2 genera, Saivtnia and AzoUa, compiising about 16 species occuiring 
on all continents, but of greatest abundance in the tropics Each genus is lepresented 
in the eastern and central United Stales by 1 native species, and 1 species of Azol'tt 
(A. filu itlotdcs) IS native to the Pacific coastal areas fiom Washington to southern 
California east to Arizona and sotith through Mexico, Sou»h America to the Stiait 
of Magellan 

Christensen treated this group as composed of 2 families (Salviniaccae and 
Azollaceae) repiesenting an independent o’dcr, the Salviniales. Englcr and Diels, 
Eames, and Copeland consideied it not sufficiently marked to jusofy such a major 
segiegation I'hc genera are markedly different mo’phologically from one another 
and from other ferns, and there is consdeiable evidence to justify Christensens 
treatment 

The family is of no major economic importance, although species of both genera 
are available in the trade for culture in pools and aquar’a 

LI 1 1 K \ lURh 

Hi R 70 G, R. Em Beitrag zur Systematik dci Gattung Salvmia Hcdwigia, 74: 257 284, 
193 '^ 

Svi NsoN, U. K. The New Woild species of Azolla Ame:. Fern Journ 34: 69 84, 1944. 


Division IV. EMBRYOPHYTA SJPHONOGAMA ^ 

The seed plants; characterized by a very complex sporophytic generation and a 
much reduced gametophytic generation (the male gametophyte, present in early 

This division, in accoi dance with the terminology of Halher’s classification, is more 
commonly known by the older name Spermafophyta. It comprises the Phanerogamae of 
Eichler. It is probable that future classifications will treat the plants as components of 
the taxon Plcropsida 
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stages in the pollen grain and completing its development in the pollen tube is 
reduced to 2 or 3 cells in the angiosperms, and the female gametophyte loi embryo 
sad reduced typically to as few as 8 cells), the male gametes usually eciliate 
(motile sperms in cycads and ginkgo), the megaspore never released from the 
megasporangium (ovule), the germinating pollen grain producing a pollen lube, 
the seed composed of or foimed from the female gametophyte and integuments 
(usually 2, sometimes one or both lost by reduction): and containing an embiyo 
sporophyle, mcgasporangium wall, and sometimes endospermous tissue. 

This division has been differentiated classically fiom the Pteridophyta and others 
by formation of pollen tubes and production of seeds — ciiteria that have lost then 
validity as distinguishing charactci istics due to discoveries nearly a half centuiy 
ago that certain ancient fernlike plants ( Pteridospcimae) bore seeds. It is now 
recognized that the seed character is insufficient to set the angiosperms and gymno- 
sperms apart from the ferns, club mosses, and horsetails. It is divided into 2 sub- 
divisions: Gymnospermae and Angiospermae — the so-called coniferous plants and 
the flowering plants. Eames (1936) considered the Filicinae and vSpermatophyta to 
comprise the taxon Pteropsida, a suhphylum which together with the suhphyla 
Sphenopsida, Lycopsida, and Psilopsida, comprised the 'lYacheophyta.” 

Siibdi vision I. GYMNOSPEUMAE 

By classical definition the seeds of members of this subdivision are pioduced 
fiom naked ovules, borne on the surface of the megasporophyll (cone scale or 
carpel): with these are the associated characters of absence .)f vessels in secondary 
wood, presence of icsin canals, and flowers reduced to pollen sacs and ovules, 
usually arranged (in one or both sexes) in strobili. Exceptions are to be found 
to all of these characters in so far as distinction between the subdivisions are 
concci ned 

The living gymnosperms comprise a major forest group of primal ily temperate 
regions of both noithern and southern hemispheres. Phylogenists consulei them 
to be remnants of a once large and diverse group that was dominant in the Meso- 
zoic, whose ancestors are known only fragmentarily from the fossil record. The 
<)iders comprising this subdivision arc composed of markedly distinct and widely 
divergent groups that now are considered examples of more or less parallel develop- 
ment. This view displaces the older view of lineal development, whereby one 
family was interpreted to have been derived from another more primitive extant 
family. Knowledge of the status of their former dominance and characteristics of 
some now extinct members, together with homologies between reproductive struc- 
tures of present and past representatives, has led to the belief that the conifers and 
ephedras may be closely related to the Cordaites of prehistoric times. 

Living gymnosperms are classified by the Fngler system into 4 orders (Cycadales, 

”Just (The proper designation of vascular plants. Bot. Review 11: 299 309, 1945) has 
pointed out that the term Tracheophyta was first published by Sinnoll in 1935 and is a 
nomen nudum. It has been used extensively in the last decade or more by moiphologists, 
and scarcely at all by taxonomists. Another, and older*, term proposed for the group by 
Pia (1931), was Stelophyta. This also is a nomeu nudum and has not gained the 
acceptance by botanists that has been accorded Tracheophyta. 

Most of the names proposed in recent times for these taxa are nonima mida that re- 
quire validation before use in any future classification. The distressing problem of deter- 
mining priority for these names was resolved at the Stockholm Congress (1950) when it 
was voted that “. . . for names of taxa above the rank of family, the rule ol priority is 
not compulsory.’’ This gives complete freedom in the choice of names to be applied to 
these higher taxa, provided the selected name has been properly published, and the taxon 
for which it stands has been properly described. 
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Ginkgoales, Coniferae, and Gnetales), 12 families, and about 63 genera and 675 
species. Characteis distinguishing the orders are given in the following key: 

Sperm cells ciliate, motile. 

Stuminate spur ophy 11s in strobili, the pistillate usually so; Ivs. pinnately com- 
pound . Cvcadales 

Slammate sporophylls solitary or lew and never in strobili; Ivs. simple, dichoto- 

mously veined, flabellate (hnkfioales 

Sperm N.ells eciliate, nonmotile. 

Stain mate strobili simple; resin canals present Conifciae 

Staminate strobili compound; resin canals absent Gnetales 

LllLRATURE: 

CiiAMBhRLAiN, C. J. Gympospcrms, structure and evolution. Chicago, 1935. 

Gymnospeirns. Bot. Rev. 1: 183 209, 1935. 

FjtHiLR, A. W. Coniferae, in Engler and Piantl, Die naturlichen Pllan/enfamilien, 2: 
28 1 16, 1889. 

Flu I ( HINSON, J. Contributions towards a phylogenetic classification of flowering plants. 

III. The geneia of Gym nosperms. Kew Bull. 1924, pp. 49 66. 

Ri hdlr, a. Manual of cultivated trees and shrubs, ed. 2. New York, 1940. | Gymno- 
speims, pj) 1 71 1 

Wlhs'ilin, R. von. Handbuch der systematischen Botanik. ed. 2. 1930. f Gymnospcrmae, 
pp 453 587.1 

Order JO. CYCADAI.ES 
CYCADACEAE. CYCAD FAMII.Y 



Fig. 55. CvcADACLAh Cvcas jevulma. a, habit of plant, much reduced; b, staminate 
strobilus, X >r., c, staminate spoiophyll (lowei side), X Yh; d, staminate spoiocaips, X 6; 
e, pistillate spoiophyll beaiing seed, ^ Vh, f, fiuiting crown, much reduced (From L H. 
Bailey, Manual of cultivated plants, The Macmillan Company, 1949. C(W>*ght 1924 and 
1949 by Libcity H. Bailey.) 

Woody, more or less palmlike trees or shrubs; stems thick, tuberous, and mostly 
subterranean (Zaniia, Bowenia, and Stanperia) or columnar and mostly unbranched 
(Cvcas, Dion, Ceratozamia) growing to maximums of about 50 ft high in some 
genera, all with a very large pith, very slow growing (Dions 6-7 ft high are about 
1000 years old, corresponding growth rates being common to most other arbcirescent 
genera); leaves alternate in close spirals that seem to be whorls and forming crowns 
at trunk apices (bipinnatc in Bowenia), persistent (usually for 3-10 years), the 
leaf bases remaining after leaves drop, variable in size and number of leaflets 
(pinnae), leaf vernation erect, not circinate as in leptosporangiate ferns; fruiting 
structure a cone (except in ovulate plants of Cycas, where ovules are few, huge, 
and borne on petiole margins of pinnately compound open sporophyll), unisexual 
(the genera dioecious), very variable in size (some male cones a yard long, and 
some ovulate cones weighing to 100 pounds, or in others the incJividual ovules 
each the size of ducks’ eggs and weighing several ounces), terminal on trunk or 
tuber (axillary in sc^me species of Macrozamia); the male cone scales beaiing 
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a''undance of scattered microsporangia, that produce very large motile sperm, some- 
times grouped with an approach to the soral condition; in ovulate cones (exclud- 
ing Cycas) the sporophylls are mostly weakly peltate, bearing marginal ovules, 
the sporophyll with its ovules comprising an open carpel; on fertilization the naked 
ovule develops into a usually drupelike seed, sometimes brightly colored. 

A family of 9 genera and about 100 species confined to tiopical and subtropical 
regions of the world, and there to a few restricted areas; centers of distribution in 
the New World arc Mexico {Dion, Ceratoznmia), and the West Indies {Zamia, 
Microcyccis) to northern South America down the Andes to Chile and in localized 
areas of Alabama and Florida (Zamia); centers of distribution in the Old World 
are Australia (Macrozamia, Bowenia, Cycas) and South Africa (hnccphalartos, 
Stanperia) with species of Cycas occurring sporadically from Australia to southern 
Japan (including also India and China) and 1 on Madagascar. The Cycadaceac are 
represented in our indigenous flora only by 4 species of Zamia that arc restricted 
almost exclusively to Florida, with an additional station reported in adjoining 
Alabama. 

'fhe family is morphologically and taxonomically distinct from all other gymno- 
sperms, as indicated by the compound leaves, the palmlike habit, and the very 
numerous scattered microsporangia. 

It was once believed that the cycads were the link connecting the ferns with the 
seed plants. Current opinion, based largely on more complete and better known 
fossil evidence, is that the cycads are true gymnosperms with some fei.ilike char- 
acters, and that they represent a transitional stage. They are a relic group from 
which no group of greater advancement has evolved — hence the cycads are a link 
to no other group and stand as an offshoot from extinct neai relatives (the seed 
ferns). They are not to be considered of close relationship to any other living 
gymnosperm. 

The Cycadaccae were treated by Pilger (1926) as composed of 5 subfamilies: 
Cycadioideae, Stangerioidcae, Bowenioidcae, Dionoideae, and Zamioideae, with 
each of the first 4 represented by their respective type genera and the last by 5 
genera. 

Economically the family is of limited value. About 25 species (representing all 
genera except Stan^cria) are cultivated domestically for ornament or as novelties 
in conservatories. Species of Cycas are among the more hardy of the family, and 
grow outdoors in southern California, Florida, and parts of the southwest and 
south. Leaves of Cveas are dried, dyed, and used for decoration. Seeds of Cycas 
and Zamia aie reported to be edible. In the Orient the pith of C\cas species yields 
a sago starch used in making bread, and the Kaffir bread of the Hottentots is made 
fiom seeds of Encephalartos. 

LITERATURE: 

Chamblrlain, C. J. Gymnosperms, structure and evolution. Chicago, 1935. |Cycadalcs, 
chapters IV VTll.] 

Lamb, Sister Mary Alice. Leaflets of Cycadaceae. Bot. Gaz. 76: 185 202, 1923. 

[ Includes a vegetative key to the genera and most species ] 

PiLGiR, R. Cycadaceae. In Engler and Prantl, Die naturlichcn Pllanzenfamilien. ed. 2, 
13: 44 82, 1926 

ScHUSiiR, J. Cycadaceae. In Englei, Das Pllanzenreich. 99 (IV 1): 1 168, 1932. 

Orflvr 11. GINKGOALES 
GllNKGOACEAE. GINKGO FAMILY 

The ginkgo, or maidenhair tree (Ginkgo hiloha), the only species of the 1 
genus of the family and of the order. A much branched dioecious deciduous hardy 
Iree, growing to 90 feet high; true vessels absent in the secondary wood, resin 
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ducts present; leaves alternate (often seem ngly whorlcd on very slow-growing 
lateral short shoots), flahellatc, often bifid, dichotomously veined; staminatc trees 
with stamens in pairs in a catkinlike bractless strobiliis borne in leaf axils and 
bearmg iisinlly 2 anthers (microsporangia) on each stalk (sporophyll ) ; ovulate 
trees with ovules borne a’uindi'ntly in short shoots (spurs) in pedunculate pairs 
(one of each pair often aborting) or rarely racemose on the peduncle, each ovule 
subtended by a ^mall raised collar (possibly the vestig.al remains of the now non- 
existent megasporophyll, the peduncle being stem tissue), fertili/at'on by small 
mot'le sperm, the so-called fiiiit (actually a seed) plumlike and drupaceous, with 
a fieshv outer and a horny inner layer, putridly fetid with odor of rancid butter 
at time of falling, the embryo with 2 cotyledons. 




Fig. 56. (iiNKGOACiAi (iinki'o hiloha. a, fruiting blanch, '/ ’ 4 ; b, pistillate strobilus, 
' 4, c, anthei, 8, d, staminale inflorescence, ^ 1, e, seed, X ’/ 2 ; f, seed, vertical section, 
' ' 2 (Fiom I H Bailey Manual of cultnated plants. The Macmillan Company, 1949. 
C'opy right 1924 and 1949 by I ibeity H. Bailey.) 

The single species, not known in the wild, has long been cultivated in Chinese 
temple gardens where the tree is considered sacred. It was introduced in Eli i ope in 
about 1730 and to thi.^ country in 1784. Trees (especially stammate, since the 
pistillate produce an abundance of malodorous fruit) are desirable for ornament 
in street plantings, where they are tolerant of smoke and low water supply. They 
withstand temperatures to 30" F. 

The ginkgo is cleaily a gymnosperm, but is without any near relatives in the 
group. Like the cycads, it is a relic of once wide-global distribution. The family 
is believed to have been lepresented by other genera when at its zenith, probably 
in the early Juia.ssic. It is a relic group, a link to no other living plants, and is 
considered to have been derived from other now extinct ancestors that wcic more 
closely related perhaps to stocks ancestral to the cycads. 

Several scholars (notably Moule 1937, 1944 and Thommen 1949) have shown 
that etymologically the name Ginkgo is an orthogiaphic error and that the correct 
translation of the Chinese characters used to designate the maidenhair tree should 
be “Ginkyo ” The erioi originated with Kaempfer in 1712 and was introduced into 
foimal botanical nomenclature by Linnaeus in 1771. Recently some botanists have 
accepted the views of Moule and of Thommen and have rejected the name Ginkfio 
as “an unintentional orthographic error,'’ as allowed by the Rules, and have re- 
placed it with Ginkyo (cf. Pulle 1946, Widder 1948). 

LlThRAIVRE 

CiiAMBiRiAiN, C J Gymnospcims, stiuctiirc and evolution. Chicago, 1935. [Ginkgoales, 
Chaptci X 1 

Moulf, a. C. The name Ginkso hiloha and other names of the tree. T’oung Pao 
(Leiden), 33: 193 219, 1937. 

. The name Ginkf^o Jouni. Roy. Floit. Soc. 69: 166, 1944. 
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WinniR. h. Die Rechlschreibiing des Namens (hnkKo Phyton, 1: 47 52. 1948. 

Order 12. CONIFERAE -^ 

Plants of this order differ as a group from those of the pieceding 2 orders in 
having nonmotile sperms and simple, mostly acicular to linear oi lanceolate leaves 
not dichotomously veined, the plants usually monoecious, and ovulate stiobilus 
usually a woody cone (reduced to a single ovule and the fruit berry like or arillate in 
a few genera). 

The order was treated by Pilger (1926) as composed of 7 families, 48 genera 
(of which 15 arc monotypic and mostly endemic), and about 520 species. Eour 
of these families arc represented by plants growing indigenously in this country, 
and all are represented here in cultivation. The families are not large, as compared 
with families of angiosperms where scores of gcneia have more species than are 
in this entire group of families, and this fact, plus the rccoid of a relatively high 
number of monotypic endemic genera, attests to their antiquity 

The results of recent palcobolanical studies by F'lorin (1938 1944) have con- 
tiibuted a wealth of new material that promises to lead to rc-evaluat.on of the 
phylogenetic relationships within the living gymnosperms, and particulaily within 
the Coniferae. Strong fossil evidence was produced in support of his opinion that 
the Taxaceae and Ccphalotaxaceae of Pilger are not true conifers, but represent 
a collateral order (Taxales) derived from nonstrobilate ancestral .stocks. 1'hese 
recent views are not yet a part of conventional taxonomic concepts, but they 
indicate that changes are to be expected in the reclassification of some families here 
treated within the Gymnospermae. The tentative reclassification proposed by 
Buchholz ( 1 934), wherein he divided the Coniferae into 2 suborders repre.sented by 
lO families, was never amplified nor later adopted by authors of taxonomic works. 

LllLRATURE: 

ARBtR, A. et al “The origin of gymnosperms”, a discussion at the Linnean Society. New 
Phytologist 5: 68-76; 14I 1 48, 1 906. 

Bailhy, L H I he cultivated conifeis. New York, 1933 

Blissni R, L. Handbuch dei Nadelholzkunde. ed. 3. Berlin, 1930. | Rev by J bitschcn 1 
Buc hhoiz, J. T. I he classification of Conilciales. Trans. lil. Acad Sli 25 112 113, 

1934. 

Du.iim()'i, W and Jackson, A B. A handbook of Comfeiae ed 2. London, 1931 
FirzPA 1 KICK, II M Comfeiae keys to the genera and species. Scienl. IMoc Roy. 
Dublin Soc. ns. 19: 189 260, 1929. 

Florin, R. Die Konifeien des Oberkarbons und des unteien Reims. Palcontogiaphica, 
85: 1 -654, 1938 44. 

PARor. L G. C Les conifers. 294 pp Pans, 1946. 

PtNiiAiiow, D. P. A manual of the North American gymnosperms, exclusive of the 
Cy^'^tdales but together with certain excMic species. Boston, 1907. 

Phittips, E. W. J. fhe identification of coniferous woods by their microscopic structure. 
Journ. Linn. Soc. Bot. (Lond.) 52: 259-320, 1941. 

"Engler and Gilg (1924), following the basic classification of Eichlcr, treated this 
order as composed of 2 families and 11 subfamilies or tribes; a treatment followed by 
authors of most American floras. However, moie recent morphological, palcobotaiiical, 
and phylogeneiical studies have produced evidence justifying the elevation of these sub- 
families and tribes to the rank of family, a view accepted by Pilger (1926) and by 
Engler and Diels (1936). 
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Fig. 57, Taxaclal. Aa-Ad, Taxus haccata: Aa, fruiting branch, X Vt; Ab, aiil (a) in 
section to show seed (s), X 1; Ac, male strobilus, ^ 4; Ad, stamen, X 8; Ae, T. mspidata, 
male strobilus, X 8; Af, same, stamen, X 16. B, Torreva califormca, branch with aril- 
coveied seed, * Va. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Libeity H. Bailey.) 

Leaves persistent, alternate, often 2-ranked, linear to linear-lanceolate, with 
either pale green to tawny bands beneath, or with 2 glaucous lines beneath that are 
narrower than the alternating 3 green bands, mostly 1-3 cm long; plants dioecious 
or monoecious; staminatc flowers solitary or in small axillary conelike clusters of 
3 -14 stamens, the anthers 3-9-celled, borne on peltate or apically thickened scales 
(microsporophylls); ovulate structure a usually solitary ovule, teiminal (not in 
strobili), borne on a fleshy or rudimentary fertile sporophyll; seed dry and nutlike, 
surrounded or enveloped by a soft-fleshy usually highly colored arillus; embryo 
with 2 cotyledons 

A family of 3 genera and about 13 species, with 2 genera (Torf^ya, Taxus) 
occurring only in the northern hemisphere, and the monotypic Austrotaxus, an 
endemic of New Caledonia. Torreya (Tumion) has 3 species in China and Japan, 
one of limited distribution in western Florida, and another in California. Taxus, 
with 7 species for the genus (1 indigenous to North America), occurs sporadically 
over a wide disjunctive area of Europe, Asia, North Africa, and North and Central 
America. 

The family is distinguished from other conifers by the peltate microsporophylls, 
the ovules of each flower solitary and terminal, and the seed subtended by or 
embedded in a fertile scale, the arillus. They are not a primitive family, the 
apparent gross simplicity of reproductive elements represents reductiorf, 'and their 
relationship to the Podocarpaceae is apparent. The Taxaceae were elevated to the 
rank of order by Pilger in 1916 (a view he rejected 10 years later), and accepted 
as the Taxales by Florin (1938, 1948) on the basis of fossil evidence that the 
members and their ancestral stocks were gymnosperms without cones. 

Species of Torreya and Taxus are cultivated for ornament; the wood of the latter 
is used in cabinet work and for archery bows. 

LITERATURE: 

Florin, R. Die Koniferen des Oberkarbons und des unteren Perms. Paleontographica, 
85: 1-654, 1938-44. 
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.On the morphology and relationship ot the Taxaceae. Bot. Gaz. 110: 31 39, 

1948. 

PiLGLR, R Die Taxales. Mitt. Deutsch. Dendi. Ges. 25: 1 28, 1916. 

.Taxaceae In Englei and Piantl, Die natiiilichen Pflanzenfamilien. ed. 2, Bd. 13: 

199 211, 1926. 


PODOCARPACEAE. PODOCARPUS FAMILY 




Fig. 58. PoDOCARPACFAE A, Podocaipus macrophylhr. Aa, fiuitmg branch, X 14: Ab, 
seed (s) and aril (a), X Vi. Cephai otaxaceai:. B, Cephalotaxiis llarnnf’tonia var. drupci- 
cea: branch with anl-covered seeds, X Vz. (From L. H. Bailey, Manual of cultivated 
plants. The Macmillan Company, 1949. Copyright 1924 and 1949 by Libeity H. Bailey.) 


Trees to 100 ft or more high, or shrubby in some species; leaves persistent, alter- 
nate or opposite, or absent and represented by phylloclads, very variable from 
acicular to broadly lamellate; plants dioecious or monoecious; staminate flowers 
in terminal or axillary strobili, the stamens usually many, the anthers 2-cclled; 
ovulate flower solitary, axillary or terminal, or in strobili with megasporophylls 
1-ovuled and bracted; seed solitary; cotyledons 2. 

A family of 7 genera and about 100 species, largely of the southern hemisphere, 
and none native in North America The family was subdivided by Pilger into 3 sub- 
families: Pherosphaeroidcae, Podocarpoideae, and Phyllocladoideae, the first and 
last represented only by their respective type genera. Four genera {Dacryditim, 
Phyllocladtts, Podoccirpus, Saxcffolheca) and 22 species arc cultivated for orna- 
ment. Podocarpits is an important timber iree of Australasia. 

LITERATURE: 

Bucuholz, .1. T. and Gray, N. E. A taxonomic levision of Podocatpus I. I he sections 
ot the genus and then subdivisions with special reference to leal anatomy. Journ. 
Ainold Alb 29: 49 63, II. The American species of Podocarpus. sect. Stachreatpus, 
op cit 64 76, III. sect. Eupodocaipus, subsecls. C & D, op cit. 123 151, 1948. 
(Recognized 2 subgcnera; Staclucai pus with 3 sects, and Piotopodocaipus with 6 
sects I 

Pii Gi R, R Podocarpaceae. In Englei and Prantl, Die naturlichen Pflanzenfamilien. ed. 2. 
13 211-249, 1926. 

Wasschi r. J. The genus Podocatpus in the Netheilands Indies. Blumea, 4: 359 481, 1941. 
'WiiDt, M. H. A new interpretation of coniferous cones. I. Podocarpaceae. Ann. Bot. 8: 
1-41, 1944. 


ARAIJCARIACEAE. ARAUCARIA FAMILY 

Large trees to 140 ft high or more; branches more or less symmetrical, often 
whorled, the secondary branches mostly deciduous; leaves persistent, alternate, often 
2-ranked, dimorphic, the iuvenile larger and often differing from adult in form and 
arrangement, persisting until tiees are large; trees dioecious or monoecious; stami- 
nate flowers in large axillary or terminal strobili, the microsporophylls many. 
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spiraled, bracted, the microspoiangia linear, many; ovulate strobili with the scales 
1-ovuled; cone woody, very large, the scales deciduous at maturity; seed very large, 
with samaralike wing or wingless: cotyledons 2, rarely 4. 



uvcnile branch, (From L. H. Bailey, Manual of culti\aied plants. The Macmillan 

Company, 1949. Copyright 1924 and 1949 by Libcity H. Bailey.) 

A family of 2 genera (Araucaria, Agathis) and about 32 species of the southern 
hemisphere, where they are important for their timber trees. About 12 species of 
both genera arc cultivated domestically for oinament in Florida and Cal'fornia 
and some of A ram at la as conservatory subjects in the north. 

lArURATVRE 

BuriinciAMI, L. L. The origin and relationships of the Araucarians Bot Gaz 60. 89- 
114, 1915. 

PiKiiR, R Araucariaceae. In Engler and Prantl, Die naturlichen Pllanzenfamihen. ed. 2. 
13. 249 266, 1926. 

GEPIIAIOTAXACEAE. PLUM YEW FAMILY 

Trees or shrubs; branches opposite; leaves persistent, uniformly small and linear, 
dense, spirally arranged and 2-ianked, with 2 glaucous lines beneath that are wider 
than the 3 alternating green bands; plants mostly dioecious, occasionally monoeci- 
ous; staminatc flowers in globose heads in leaf axils (Cephalotaxus) or in spicate 
sliobili (Aincntotaxiis); ovulate .structures in axils of scales at base of the twigs, 
consisting of several pairs of 2-ovuled megasporophylls; seeds 1 or 2, pcdiceled, 
large and drupelike (ripening the second sea.son), about 1 in. long; embryo large, 
with 2 cotyledons. wScc Fig. 58. 

A family of 2 genera and 6 species (Amentotaxus is monotypic and endemic 
to western China) of eastern Asia. Three species of Cephalotaxus are grown for 
ornament as far north as New York. 

LIT ERATURE: 

PikjLR, R. Ccphalotaxaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien. 
ed. 2. 13: 267 271, 1926. 


Fig. 60. PiNACtAF. A, Lattx leptolepis: coning branch, X Vi. B, Pseiulotsufta taxifolia: 
coning blanch, X Vi. C, Picea pungens: coning bianch, X V 2 . D, Ahies homolepis: coning 
branch, X V 2 . E, Pinus Strohus. Ea, coning branch, X 1/2 ; Eb, fascicle of leaves, X 
•/ 2 , Ec, base of tascicle showing bracts, X 2, Ed, siaminate strobilus, x 3: Ee, staminatc 
sporophyll beaiing pollen-sacs, X 10, Ef, pistillate strobilus, X 3, Eg, pistillate sporophyll 
distal edge, X 10, Eh, same, lower side showing two naked ovules, X 2(L (From L. IT. 
Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copyright 1924 and. 
1949 by Liberty H. Bailey.) 
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PINACEAE. PINE FAMILY 

Trees, rarely shrubs; branches whorled or opposite or rarely alternate, the short- 
shoot (spur) chaiactcristic of some genera and bearing leaves seemingly whorled 
or fascicled; leaves persistent or in a few genera deciduous, linear, in spirals of 
high phyllotaxies; plants monoecious; microsporangia in small herbaceous strobili, 
completely fused to the mostly many, spiraled scales, microsporophylls bearing 
mostly 2 6 sporangia on dorsal (lower) side, each anther typically 2-cellcd; ovulate 
strobili with scales in spirals and mostly numerous, each with typically 2 inverted 
ovules borne basally on ventral (upper) side, the seales subtended by small oi large 
variously adnate bracts; cone woody, tightly closed until seed is ripe, the scales 
persistent (except in Ahies)\ seeds winged, usually two on each scale, the embryo 
with 2 15 cotyledons. 

A family ot resinous woody plants, comprising 9 genera and about 210 species of 
wide distribution, especially throughout the temperate regions of the northern 
hemisphere. Tw(^ genera {Kcteleena, Psciulolanx) are restricted to China, with the 
latter the only monotypic genus in the family; 2 genera {Pseiuhtsii^a, Tsuga) occur 
in both North America and eastern Asia; 1 genus iCedrus) occurs in the Mediter- 
ranean region of Europe and north Africa and the western Himalayas of Asia; 
and 4 genera (Abies, Puea, Larix, Pinus) are dispersed over Eurasia and North 
America. The largest genera are Pinus (90 spp.), Abies (40 spp. ), and Picea 
(40 spp.). Of the 7 genera occurring in North America, Abies (24 spp.) is gen- 
erally of more northein distribution at higher altitudes, with all but a few species 
in the provinces of Alaska to California and Arizona, a few species occurring south 
to Guatemala, and 1 other in the upper northeastern part of the continent; 
Pseiulotsuga (2 spp.) in the Pacific mountainous provinces; Tsuga (3 spp.) in the 
alpine and most northern of temperate areas across the continent extending down 
the Appalachian mountains to North Carolina; and Pinus (26 spp.), which is of 
the widest and most general distribution of all, occurring generally at lower latitudes 
and elevations in most provinces excepting the plains areas. 

The Pinaceac are chaiacteii/ed by the cone scales flattened and distinct from the 
subtending bract, with the bract usually shorter than the scale (longer in Pseudo- 
tsuga), the 2 structures showing various degrees of adnation in the different genera. 
In all but Lai IX and Pseudolarix the leaves are peisistent. while in all but Abies and 
Keteleeria the cones are drooping or pendulous, and in Pseudolarix, Larix, Cedrus, 
and Pinus the production of short shoots (lateral spurs or fascicles of leaves) and 
terminal twigs are chaiactei istic features. 

The family was treated by Pilger (1926) to be composed of 2 subfamilies; the 
Pinoideae with Pinus its only genus, and the Abietinoideae containing the remain- 
ing 8 genera. 

The Pinaceac arc of considerable economic impoitance for timber and pulpwood. 
fhey are important also as a source of naval stores (pitch, turpentine, and rosin) 
fiom Pinus, Venetian turpentine from Larix, Canada balsam from Abies halsamea, 
edible seeds from several species of Pinus, and numerous other products of lesser 
importance. About 165 species, representing all 9 genera, are cultivated domes- 
tically, and the number of horticultural forms and clones is legion. 

LITERATURE: 

Fious, F. Classification et evolution d’un groupe d’abietinees. Trav. Lab. Forest. 

Toulouse, I: 211 286, 1936. 

By some authors this and the 2 families that follow are retained as a single family, 
Pinaceac, composed ot 3 subfamilies, the Abietineae accounting fo' the Pinaceae as 
treated here, the Taxodiineae, and the Cupressineae. 
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Fuilinci, E. H. Identification by leaf structure, of the species of Abies cultivated in the 
United States. Bull. Torrey Bot. Club, 61: 497 524, 1934. 

Harlow, W. M. The identification of the pines of the United States, native and cultivated, 
by needle stiucture. Bull. N. Y. State Coll. Poiestiy (Syiacuse), 4: 1 21, 1931. 
Lamblri, a B. Desciiption of the genus Pmus London. 1803. 

Martini 7, M. Las Pinaceas mexicanas. An. Inst. Biol. I Mexico 1, 16: 1 345, 1945 
PiLOfcR, R. Pinaceae. In Engler and Prantl, Die natuilichcn Pflan/enfamilien. ed. 2. 13-' 
271-342, 1926. 

Shaw, Ci R. The genus Pmiis. Cambridge, Mass., 1914. 

TAXODIACEAE. TAXODIUM FAMILY 



Fig. 61. Taxodiaceat. a, Taxodmm distichum. A, coning branch, X '/ 2 . B, Cryptomeria 
japonica: Ba, coning bianch, X Yi, Bb, cone, X 1. C, Sequoia sempervueiiw coning 
branch, X >/ 2 . D. Seqiioiadendion ^li'anfeion. Da, coning branch, X Yz, Db, portion of 
leafy twig, X 1. (Fiom L. H. Bailey, Manual of cidiivaied plants, The Macmillan Com- 
pany, 1949. Copyiight 1924 and 1949 by Libeity H. Bailey ) 

Trees, rarely shrubs: lateral branchlets deciduous or persistent; leaves sealclike 
or needlclikc to falcate, sometimes dimorphic {Sequoia, Sciadopitvs) , persistent or 
rarely deciduous {Taxodiuni), solitary and spiraled or the needlelike ones connate 
in pairs and in false whorls (Sciadopitys); plants monoecious; male strobili small, 
sometimes catkinlikc, clustered in heads or in racemelike masses, terminal or 
axillary, the microsporangia (anther cells ) 2 9; ovulate strobili terminal, the sporo- 
phylls bearing 2-9 erect or anatropous ovules, flat or peltate, the subtending bracts 
partially Oi completely adnate; cone woody or leathery-woody, more or less globose 
with persistent .scales, the bracts not differentiable from scales, the seeds 2-9, wing- 
less but with slight integumentary margin, the cotyledons 2 -9. 

A family of 10 genera and 16 species. Three genera {Cryptomeria, Sciadopitys, 
Tahvania) are endemic to Japan, and the last 2 named are monotypic {Cryptomeria 
aUt) being so considered by some botanists), 2 are monotypic endemics of China 
iGhptostrohiis, Metaseqiioia), 2 others are monotypic endemics to southern Oregon 
and California {Sequoia, Sequoiadendron), and Cunniiif*hamia has 1 species in 
China and another in Formosa. The only representative in the southern hemisphere 
is Athrotaxis, with 3 species in we.stern Tasmania. Taxodiiim (3 spp.) occurs in 
North America from southern Delaware to Florida and Mexico, extending west into 
Illinois, Missouri, and Texas. This family is a heterogeneous assemblage whose mem- 
bers may best be distinguished from those of other families of conifers by the flat or 
peltate cone scales lacking distinct bracts and each scale producing 2-9 seeds; the di- 
.uorphic leaves provide another character of reliability when present. The family 
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stands closer to Pinaccae and Cupressaceae than to others. Considerable interest cen- 
ters on the genus Metasequoia since it was named and described from fossil remains 
5 years before living trees were discovered (in 1946) in western China. The fossils of 
this conifer had been known for a century or more, but most paleobotanists had mis- 
identified them as fossil sequoias. The segregation of Seqiioiadendron from Sequoia 
has not been accepted by some botanists. (For a review of the situation cf Dayton, 
1943; Stebbins, 1948.) The 2 were accepted as generically distinct by Stebbins 
( 1948), who contrasted them with Metasequoia. 

Pilger (1926) treated the family as composed of 2 subfamilies; the Sciadopity- 
oideae represented only by Stiadopitvs, and the Taxodioideae containing the re- 
maining genera. Buchholz (1934) consideicd each to be a separate family, a view 
likely to gam support as the plants are better known morphologically. 

All the genera, represented by 14 of their combined species, are cultivated 
domestically for ornament; of these Cunninf>hanua (China fir), Ci\ptomena, and 
Sciadopitvs (umbrella pine) arc the more prized for landscape uses. TasodiitUi is 
the source of commercial cypress lumber valued for its resistance to wood-rotting 
fungi and in demand for green house benches and racks. Similar uses arc made of 
the icdwood lumber of Sequoia sempervireus. 

LllERArURE: 

Buchhoiz, J. T. Generic segregation of the Sequoias. Amer. Journ. Bot. 26: 535-538, 
1939. 

Dwion, W. a. The names of the giant Sequoia Leall West. Bot. 3: 209 219, 1943. 

Hu, H. and Cuing, W. On the new family Metasequoiaceae and on Metasequoia glvpto- 
strohotdes, a Irving species of the genus Metasequoia found in Szechuan and Hupeh. 
Bull Fan Memorial Inst Biol, ns 1: 153 161, 1948. 

PiiGiR, R 'Faxodiaccae. In Englei and Prantl, Die naturlichen Pflan/enfamilien. cd. 2. 
13: 342 360, 1926. 

Sii-BBiNS, G L. Jr. The chromosomes and relationships of Metaseqiiota and Sequoia. 
Science, 108: 95 98. 1948. 


CUPRESSACEAE. CYPRESS FAMILY 

Trees or shrubs; leaves persistent, opposite or whorled, mostly small and scale- 
like, acicular or subulate, sometimes dimorphic (juvenile leaves larger and more 
slender than those of adult foliage); plants monoecious, or dioecious in some genera; 
male slrobili small, terminal or axillary, or clusters of 2-24 stamens borne on lower 
side of margin of a broad and somewhat peltate microsporophyll, the anthers 
2-6-cel led, often in ternate whorls or in pairs; ovulate strobili terminal or lateral 
on short branches, the scales (mcgasporophylls) usually few (1-12), flattened and 
imbricate (of a single ternate whorl in Fitzroya), peltate {Cupressus, Cliamae- 
cyparis), or fleshy and connate (Juniperus), the ovules erect, 1- 12 per scale; cone 
dry and woody with persistent opposite or whorled scales, or the fruit fleshy and 
berrylike (in Juniperus)^ small and rarely exceeding 1 in. long; seeds often with 
integumentary wings, the cotyledons mostly 2, rarely 5-6. 

A family of world-wide distribution, composed of 15-16 genera and about 140 
species with Junt perns (70 spp,), CalUtris (20 spp.), and Cupressus ( 15 spp.) being 
the largest genera. Six genera are monotypic and mostly endemic: Fitzroya, south- 
ern Chile; Tetraclinis, southern Spain to north Africa; Thujopsis, Japan; Callitrop- 
sis, New Caledonia; Diselma, western Tasmania; and Arceuthos, southeastern 
Europe. Fokenia (3 spp.) is restricted to China, Widdringtonia (5 spp.) occurs in 
south and southeastern tropical Africa, and Actinostrohus (2 spp.) is restricted to 
western Australia. The remaining genera are of either widespread or disjunctive 
distributions: CaUitris is Australasian; Lihocedrus (9 spp.) occurs along Pacific 
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coast of both North and South America, also in New Zealand, China, and Formosa; 
Cuprcssits grows in western North America south to Guatemala, Asia, and extends 
to eastern Europe; Chamaav pan's (6 spp.) is indigenous to Pacific and eastern 
North America, Japan, and Formosa; Thuja (6 spp.) is common to northern North 
America and eastern Asia; and Janlpeins is widely spread over much of the tem- 
perate areas of the northern hemisphere. The chaiacteristics distinguishing members 
of this family from those of other conifcioiis families are the leaves and cone 
scales opposite or whorled with the former small and (in adult foliage) usually 
scalelike, the ovules erect, and the cones all generally smaller than in other families. 



Fig. 62. CuPRbssACEAt A, Thuja occidentalis: Aa, coning bianch, X V 2 \ Ab, cones, 1; 
Ac, two-seeded cone-scale, X 2 B, Cuptessus mactocatpa: Ba, coning branch, / I 2 , Bb, 
cone, X 1; Be, four-seeded cone-scale, X 2. C, Chaniaecypans pisifeta. C'a, coning bianch, 
■' '/ 2 , Cb, cones, X 1; Cc, two-seeded cone-scale, X 2. Da, Juniperus nyuia: coning 
branch, X '/ 2 , Db, Jiaiipeias Mtijiniana' coning branch, X Vi, Dc, Jiaupetus comuiums: 
liivcnile foliage, X V 2 . (From L. H. Bailey, Manual of cultivated plants. The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Libeity H. Bailey.) 


Domestically, the family is represented by 5 genera. Jitnipcrtts is widespread over 
much of the United States; Capressus occurs only in the southwestern coiner of 
the country, where it represents a northern extension from Mexico; Cha/nacivjHtns 
is of disjunctive distribution, being represented by a single species in acid-bog 
habitats from Nova Scotia to Floiida, and by 2 species on Pacific slopes fiom 
southern Alaska to California; Thuja likewise is a disjunct with 1 of its 4 species in 
northeastern America and another in northwestern America; I/ihoc edrns is repre- 
sented on this continent by 1 of its 8 species, it being here lestricted to the arid 
transition /one from Oregon into Lower California. 

The Cupressaccac were treated by Pilger as composed of 3 subfamilies: the 
Thiijoideae containing those genera with woody flattened cone scales, the Cupres- 
soideae with Ctipressas and C hamaecy juins that have woody peltate cone scales, 
and the Juniperoidcac with fleshy cone scales and the cone berrylike. 

Many genera (notably Jtiniperus, Capressus, Chamaety parts. Thuja, CaUitris, 
,-nd Lihocedt us) contain important timber-producing species, and domestically all 
but CaUitris are leading sources of wood for cabinet work, shingles, lead pencils, 
and construction purposes. All but 3 genera (Fokenia, Diselnui, Cailitropsis) repre- 
senting about 70 species, are cultivated domestically for ornamental purposes. A 
volatile oil extracted from crushed Juniper berries is the principal flavoring ingredi- 
ent of gin, and oil of cedar is obtained from Thuja occidentalis. 
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LITKRATVRE: 
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Order 13. GNETALES 

The Gnelales differ from other gymnospermous orders by many characteristics, 
and may readily be distinguished by the compound staminate strobili, opposite or 
whorled leaves (found also in Cuprcssaceae), vessels in the secondary wood, and 
absence of resin canals. Only the naked ovule character keeps this order in the 
gymnosperms, and only Ephedraceae has a gymnospermous life history. They pos- 
sess many characters common to the angiosperms and have been interpreted by 
some authors to be a partial connecting link between the two. However, it is of 
significance that no Gnctales have been found as far back as the Cretaceous, when 
angiosperms were already abundant, and there are important morphological con- 
siderations that lead some botanists to believe that the Gnetales are of themselves 
an isolated assemblage whose 3 genera are only remotely related to one another 
and far less so to either gymnosperms or angiosperms. 

Markgraf, the latest monographer of the group (in Engler and Prantl, Die 
naturlichen Rflanzenfamilien, ed. 2, bd. 13, pp. 407-441, 1926), considered this 
order as composed of 3 families. However, so very marked and of such funda- 
mental character are their many differences that each family deserves the rank of 
order. Only Ephedraceae are accounted for here, but the unigcneric (and mono- 
typic) Wclwitschiaceae and Gnetaccae are each as different from the other 2 fami- 
lies as are all the conifers from the cycads or from ginkgo. An opposite view was 
taken by C. J. Chamberlain, who, following the older taxonomic views, found it 
satisfactory to consider the plants as representing 3 genera of a single family. 

The discovery of a new taxon {Sarcopus aberrans) in Indo China, alleged to 
be of this alliance, was reported by Gagnepain (Bull. Soc. Bot. Fr. 93: 313-320, 
1946), who .separated it from others of the Gnetales by its bisexual flowers whose 
female element is represented by a single naked ovule. He treated this new mono- 
typic genus as a new family (Sarcopodaceae) and considered it to be the most 
advanced of the order. Further opinion on the taxonomic status of the plant must 
await availability of material for study by other investigators. 

EPHEDRACEAE. EPHEDRA FAMILY 

Shrubs to about 7 ft high or much less, erect, decumbent or climbing, much 
branched, the branches usually green for several seeisons; leaves mostly deciduous, 
opposite or whorled, more or less connate basally and usually reduced to mem- 
branous sheaths; plants dioecious or rarely monoecious; staminate flowers in com- 
pact subglobose to oblong, compound, usually axillary strobili, the lattei usually 
opposite or in whorls of 3 or 4 at twig nodes, each strobilus bearing 2-8 opposite 
pairs of bracts along the primary axis, of the.se the lower 1 or 2 pairs sterile and 
the rest bear solitary male flowers, each flower borne on a short secondary axis 
arising between each fertile pair of bracts, the flower (sporangiophore) composed 
of 2 thin opposite scales (perianth of some authors) above which are 1-8 stamens 
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with sessile or filamented anthers, the filaments often basally connate, the anthers 
dehiscing by terminal pores; ovulate flowers in an elongated acute strobilus, the 
strobili opposite or in whorls of 3 -4 at branch nodes, each strobilus with usually 
many pans of bracts along the axis (sometimes reduced to 2), the 4 or more lower 
pairs sterile, and bearing a usually terminal naked ovule (as many as 3 flowers may 
comprise a single strobilus), the ovule with 2 integuments, the outer integument 
represented by 4 basally coherent bracts (sometimes collectively referred to as the 
perianth), the inner of 2 similar bracts that elongate considerably at time of polli- 
nation and stylelikc (lubiillus of some authors) in appearance; seed with leathery 
integument, globose to cylindric, membranous or winged (due to bractlike integu- 
ment) or forming a berrylike syncarp, often red in color, cotyledons 2. 



Fig. 63. EPHLORACtAC. Ephedra Tonevatia: a, staminate branch in flower, habit, X 
b, staminate inflorescence, 4, c, staminate flower with bract, X 5; d, “pistillate” in- 
floiescence, habit, ^ 3; c, same, expanded, X 3. 


The order is represented in the United States by the 1 family and a single genus 
{Ephedra, of about 42 species). The genus is of wide sporadic distribution in and 
regions of tropics and subtropics of northern and southern hemispheres. About 18 
species occur in the Old World (France, Canary Islands, around the Mediterranean 
east to Persia, India, and China), and about 24 in the New World with 13 15 in 
Noith America and 9-11 in South America (Bolivia to Patagonia). I'hc North 
American species (15) are most abundant in California, Arizona, and New Mexico, 
with ranges extending north and south into Mexico, and 4 species occurring as far 
east as Texas. The plants are readily distinguished by their evergreen horsetaillike 
stems, usually open and straggling habit, and small deciduous cones borne in stem 
axils. 

Economically, the plants are of little importance aside from Asiatic species, from 
which the medicinal alkaloid ephedrine is obtained (about 1000 tons of the crude 
drug, baled plants, were imported in 1935). The plants are cultivated to a very 
limited extent (4 spp.) in this country, outdoors in favorable regions as a sand 
binde**, or under glass as a novelty. 
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Subdivision II. ANGIOSPKRMAE '' 

The angiospeims, moie commonly known as the flowering plants, aic characler- 
i/ed as a group by the pi'cscnce of vessels in the stems: by the ovules enclosed 
within I Cl more carpellary spoiophylls and comprising the ovary, this organ 
together w'lth its terminal stigmatic zone (the 2 connected or not by a constricted 
dylar isthmus) constituting the basic clement of the gynocciiim, the pistil; the 1 or 
more nucrospoiangia borne on a miciosporophyll (designated as anther and fila- 
ment respectively), comprising (he basic element of the androeciiim, the stamen; 
the combination of members of one or both of these sex elements, accompanied or 
n(»t by a perianth arising from a common axis, comprise the flower Subsequent to 
pollination of the stigma and fertilization of the ovules, maturation of carpellary 
tissues occuis, with the ovules developing into seeds and the ovary wall into the 
fruit coat.^'^ 

There arc exceptions to these characteristics of the angiosperms. Members of 
some families (as the Winteraceae, Tctracenlraceae, Trochodendraeeae ) arc be- 
lieved never to have had vessels, while in others (Cactaceae) the vessels have been 
lost through specialization and suppression. In some angiosperms {Platann.s, Reseda) 
the carpels arc open and the ovules not completely enclosed within the ovary; like- 
wise, in some gymnosperms {Araucaria, some Gnetales) the ovules are enclosed 
nearly as completely as in an angiosperm. In the case of Canlophylliim (an angio- 
sperm) the ovary wall ruptures soon after fertilization, followed by extrusion of 
the ovule, and the berrylike so-called fruit is actually a naked seed The presence 
of a flower, as a character to distinguish angiosperms from gymnosperms, is a 
matter of artificial definition since it is impossible to define the flowei with morpho- 
logical precision so as to exclude the cone or cluster of fertile sporophylls that 
characterizes the gymnosperms. Despite these exceptions, ihe taxonomic validity of 
the angiosperms as a group is not subject to serious challenge, and (aside from the 
Gnetales) there is never any question as to which subdivision a particular plant 
belongs. 

The angiosperms are a vast group, providing the dominant vegetation of the 
earth's surface. Compared to other groups they arc of modern development and are 
considered to be young. Their youth is not one of absolute age, for they arc be- 
lieved to have been in existence as early as the Paleozoic, but they are young in 
that it is only during and since the Mesozoic that their rapidly expanding dcvelop- 

“ Bessey treated this subdivision as a phylum, the Anthophyta The term angiosperm, 
from the Greek, liter ally means vessel seed, in allusion to the seed borne oi produced 
within a vessel or ovary. The term anthophyte, also from the Greek, means flower 
plant. 

A vessel is composed of a series of nonliving water-conducting, typically thick- 
wallcd cells of the xylem, arranged or lying end to end, with the end walls of each cell 
pciforated by large pores. 

‘‘The above constitutes an obviously technical circumscription of a flower Reduced 
to its simplest elements, a flower may be represented by a solitary anther (as in some 
members of the Lemnaceae), by a single stamen (as in Euphothia), or by a single pistil 
(as in Ficus) on an axis, but in most plants the flower is composed typically of 5 
whorls or scries of elements arranged (centiilugally ) on an axis as follows: the gynoccium 
of 1 or more pistils, the androecium of typically 2 series (whoils) of stamens (1 series 
often suppressed), the corolla representing an inner series of bracts (petaloid), and the 
calyx representing the outermost series of bracts (sepaloid). For further discussion of 
the flower, see Chapter IV. 



DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 


371 


ment accelerated appreciably as to kind, distribution, and dominance. It is esti- 
mated that the angiosperms are composed of about 300 families, icprescnted cur- 
rently by about 200,000 species. Large areas of the earth’s continents are not 
yet well known floristically, and it is reasonable to believe that, with moie thorough 
exploration and investigation, the number of species will continue to increase. 

See Chapter V for discussion of the phytogeny of the angiosperms and foi 
references to the pertinent literature. 

Class 1. MONOCOTYLEDONEAE 

Plants woody or, more commonly, herbaceous; stems with vascular bundles 
scattered throughout but not arranged in a single cylinder (i.e., not appearing as a 
ring in cross section): leaves usually parallel-veined with margins almost always 
entire; flowers, basically with parts in 3’s or multiples of 3; seed embryos with a 
single cotyledon. Exceptions exist to these characters, but it is unusual to 

find any individual varying in more^an 1 respect, and in the aggregate, these 
features may be considered adequate to characterize a Hjonocot. 

Phylogenetically, the monocots are now generally belief^ to have been derived 
from extinct and very primitive dicot stocks of ranalian ancestry. If so, they are 
more advanced phylogenetically than are the dicots. For this reason, the systems of 
Bessey and of Hutchinson placed the monoeots after the dicots in lineal sequences, 
or as collaterals with and derived from them. Engler and associates consid^'red the 
monocots the more primitive for reasons previously discussed in Chapter V. Their 
position in this text is in conformance with the Engler system 

The monocots have been treated in detail in recent times by Engler and associ- 
ates, and by Hutchinson. They have been thii* subject of extensive morphological 
study by Arbor et al. The treatmeht Bessey (into 8 orders) lacked the critical 
study given by him to the dic»tl. Englenk^nd Diels ^1936) considered them as 
composed of 11 orders and 45 families#rwhereas Hatejinson (1934) considered 
the orders to number 26 and the families 68. 

According to Engler the monocots of the southeastern United States would be 
grouped under 9 orders and 31 families, whereas for the same area Small (1933), 
using the same system with narrower concepts of categories, placed them in 16 
orders and 49 families. In contrast to Small’s concepts, the 8th edition of Gray’s 
Manual treated the monocots of its area (northeastern United States and Canada) 
as representing 8 orders and 25 families, with the same plants placed in 8 orders 
and 27 families by Engler. 

These contrasts indicate dilferences in taxonomic concept. Of the 1 1 monocot 
orders recognized by Engler, 9 are represented by plants native to this country, and 
of the 36 families treated below only' 5 arefr^resented solely by exotics. These 
36 families account for about 2000 genera and 34,000 species in the world. 

Each treatment of included monocot families contains ^considerations of phylo- 
genetic position, as classified by Engler, by Hutchinson, and as indicated by other 
or more recent studies. In the case of monocot families, little comparison is made 
with the classification by Bessey, since it now seems clear that his major divisions 
within the class (on the basis of ovary position) resulted in an arrangement not 
supported by the morphological considerations and phylogenetic criteria of more 
recent time. As pointed out in the review and analysis of systems of classification, 

^'^The name Monocotylcdoneae is derived from the fact that embryos of members of 
this class have typically 1 cotyledon. For brevity in reference, the term monocotyledon 
and its adjectival form, morocotyledonous, are reduced in this treatment to monocot. 
Likewise, without loss of clarity or precision, the term dicotyledon (and dicotyledonous) 
is reduced to dicot, where appropriate. 
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Chapter VI, Hutchinson divided the monocots into 3 subphyla, and considered 
criteria based on inflorescences to be phylogenetically more fundamental than those 
based on ovary position. These criteria, together with those of carpellary condi- 
tions, floral anatomy, embryogeny, and vascular arrangements, are interpreted as 
more fundamental than such a relatively superficial character as that afforded by 
ovary position. 

Fhc following synopsis of the 10 orders of monocots is provided to indicate dis- 
tinguishing characteristics. It does not represent a key by which individuals may 
be classified. 

1. Perianth wanting, or reduced to bristles, bracts, scales (pctaloid in few advanced 
genera of Ilelobiae). 

2. Ms. variously ananged but not in axils of dry chaffy bracts. 

3. I*erianlh represented by .bristles, or chaffy scales, leaves stiffly long and 

3. Penanth usually of flesjiy or heWiif^j^is bracts; Ivs. various or wanting; 
fr. usually drupaceous or hj^cate. 

4. Seeds withouUlidosperm, pollen giains in tiiads, fr. 1-seeded .14. Helobiae 

4. Seeds witlJPndosperm, pollen grains in diads or tetrads; fr. moie 


than l-seet7ed 18. Spat hi florae 

2. FIs. in axils of diy, chaffy bracts 15. CUiimifiarae 


1. Perianth generally piesent and in two series, the inner oi both usually more 


or less petaloid (except in the order Synanthae). 

5. Plants typically woody, leaves generally decompound or palmately lobed, 
cleft, or divided. 

6. Carpels 3 m each ovary, each cell 1-ovuled 16. Fnncipes 

6. Carpels, 2 4, each cell many-ovuled 17. Synanthae 

5. Plants herbaceous, 04; if woodyfae leaves nevei compound nor flabellatc. 

7. vSccds not minute, endosperm 0^ 

8. Endosperm mdaly . . . Jit • # h\irino\ae 

8. Endospeim ^4^, hrtrny, 3^artilaginofti. 

9. Function* stamens 3 6; ^feeds rarely anil ite 20^' Li hi florae 

9. Functional stamens 1, seeds mostly anllate 21. Scitamineae 

1. Seeds veiy minute, lacking endospeim 22. Mictospermae 
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Order 14. PANDANALES 

Leaves linear; flowers unisexual, the families of dioecious or monoecious plants; 
perianth of bristles or dry scales, gynoecium monopistillate, ovary I-many-carpelled; 
pollen in diads, the stamens 1-many; fruit more or less nutlike; seeds with 
endosperm. 

The order contains only the 3 families treated below. Hutchinson segregated the 
Pandanaceae from Typhaceae and Sparganiaceae as a separate order, interpreting 
it, on the basis of the coalescence of fruits into a syncarp, to be more advanced 
than the Typhaceae or Sparganiaceae. All 3 families now are believed to be simple 
by a reduction of reproductive parts and to have been derived from liliaceous stocks. 
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TYPHACEAE. CATTAIL FAMILY 



Fig. 64. TYPiiACEAb. Typha lalifolia: a, habit iaTruit, much reduced; b, spike of staminatc 
(s) and pistillate (p) flowers, X ‘/«; c, statfflmte flower, X 5; d, pistillate flower with 
perianth (pe), ovary (o), style (sy) and stignu (st), X 10. (From L. H. Bailey, Manual 
of ciiltivaled plants. The Macmillan Companj^l949. Cojjyright 1924 and 1949 by Liberty 
H. Bailey. ♦ * 

Perennial herbs of open marshes, rootstocks rhizomatoiiSi^ creeping; leaves erect, 
long-linear, mostly basal, parallel-veined, sessile; plants monoecious: flowers uni- 
sexual, borne on a cylindrical spadix, the staminate above the pistillate and those 
of each sex subtended by 1 caducous bractlike spathe, the perianth represented by 
bristles; staminatc flowers of 2-5 stamens variously monadelphous, the connate 
filaments bearing long silky hairs; pistillate flowers of 1 pistil, the ovary long- 
stipitate, unilocular, I-carpelled with a single pendulous ovule, ♦he style 1, usually 
filiform, the stigma 1, linear to spatulate, or rhomboidal, 1 -sided, ovary stipe 
bearing many silky hairs; fruit a rnypte^nu!® with persistent style; seed with 
mealy endosperm. \ ^ 

The single genus Typha contains about^IS ^ecie" Thei^genus is of more or less 
cosmopolitan distribution throughout riparian and estu^ian marshes of temperate 
and tropical regions of northern and southern hemispheres. The 2 species indigenous 
to North America and a third from Japan are cultivated for ornament. Leaves of 
both native species arc used in weaving chair bottoms and matting. Typha is 
readily identified by its very long erect linear leaves and the dense spicate inflores- 
cences, fuzzy-brown at maturity. 


LITERATURE: 
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PANDANACEAe. ‘StREW-PINE FAMILY 


Trees or shrubs, erect or sometimes vines; stout aerial prop roots, when present, 
often actually support the trunk from the ground and are produced also from 
branches; leaves usually spiral, 4-ranked, congested with seemingly po internodes 
at branch tips, linear, sessile with sheathing base, tough, fibrous and leathery but 
not fleshy, strongly keeled and canaliculate, mostly spinulose along keel and 
margins; plants dioecious; flowers unisexual, paniculate or densely crowded, the 
perianth rud.mentary or absent, the inflorescence enclosed initially by spathaceous 
or foliaceous bracts; staminate flowers scarcely distinguishable as such, the stamens 
numerous, denselv packed or separated or in fasciculate clusters, scattered over a 
thyrsoid spadixlike axis, the filaments distinct or connate, the anthers 2-cellcd (the 
cells sometimes each once divided), basifixed, dehiscing by vertical slits; rudi- 
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mentary ovary present and minute or absent; pistillate spadix simple, the flowers 
with or without hypogynous staminodes; pistils numerous, coherent in bundles or 
isolated, the ovary superior, unilocular, the ovules solitary or many, basal or 
parietal, anatropous, the style short or none, the stigma 1 and pistils sometimes 
united by stigmas, fruit a syncarp; each pistil developing into a drupaceous baccate 
or woody fruit (pulpy inside) cohering into multiple units; seeds small, endosperm 
flesh\, embryo minute. 



Fig. 65. pANDANAci'Afc. Patidanus utilis: a, habit of tice in fruit, much reduced; b, branch 
of staminate inflorescence, X Vi: c, staminate flower, X 3, d, pistillate flowei, vertical 
section, enlarged; e, drupe, side and top views, X i/i; f, fruiting branch, much reduced. 
(From L H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Liberty H. Bailey.) 

A family of 3 genera {Pandanus, Freycinetia, Sararanyii) and perhaps 300 
species, of tropical regions from AWca and Asia through Polynesia and Australasia, 
extending into the Hawaiian Islan®. Nonets native to this country. 

The family stands apart frojji the other 2 of the order by its woody often palm- 
like habit and more strongly by its large more or less fleshy syncarpous fiiiit. 
Pandantts (about 150 spp J, the screw pine, has 2 3 spp. cultivated in the open in 
southern subtropical United vStates and grown in the north as a foliage subject under 
glass. In regions of its nativity, the Pandanus leaves arc an important source for 
thatch, matting, clothing, and assorted containeis, while the immature fleshy peri- 
carps of fruits of some species are a source of food. 

LirFKArURF: 

Marti II I, IJ F.numerazione dellc “Pandanaceae.” Webbia, 3: 307 327, 1910; op cit. 4: 

1 105, 1913 14. 

. La distribu/ione geografica delle Pandanaceae. Atti Soc. Toscana Sci. Nat. Mem. 

43: 190 209, 1933. % 

Warbur(i, O Pandanaceae In Eng^^r, Das Pflan/cnreich, 3 (IV. 9): 1 97, 1900. 

SPARGAMACEAE. bOR-REED FAMILY 

Aquatic perennial herbs, rhizomatous; stems leafy, simple or branched; leaves 
linear, alternate, sessile and sheathing, 2-ranked, erect or floating; plants monoeci- 
ous: flowers unisexual, crowded into globose sessile or pedunculate clusters, the 
staminate above the pistillate, the perianth reduced to usually 3-6 minute mem- 
branous elongated or spatulate scales; staminate flowers of 3 oi more stamens, the 
filaments mostly distinct, the anthers mostly oblong or cuneate, basifixed; pistillate 
flowers crowded, with perianth calyxlike, of 3-6 linear or spatulate scales; pistil with 
ovary superior, sessile, narrowed basally, mostly unilocular, the ovule 1 in each 
locule and basal or pendulous, the style simple or forked, the stigma simple and 
unilateral; fruit nutlike, indehiscent, with spongy exocarp and hard bony endocarp; 
seed with straight embryo in copious mealy endosperm. 
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The family is composed of the single cosmopolitan Sparganium, a genus of about 
20 species, limited largely to the temperate and frigid regions of northern and 
southern hemispheres. About 11-12 species are native to North America, 2 are 
common also to Eurasia, and 1 extends as far south as Florida. The family seems 
more closely related to the monoecious Typhaceae than to the dioecious Pandana- 
ceae, as indicated by its herbaceous habit, aquatic associations, and characters of 
fruit. The disposition of the flowers in globose heads readily separates it from the 
cattails. The genus is rarely cultivated, and is of limited economic value as a 
source of food for wild life. 



Fig. 66. Sparganiaceae. Sparganium eurycarpum: a, flowering plant, much reduced; b, 
staminate inflorescence, X 3; c, staminate flower, X 5; d, pistillate inflorescence, X P/a: e, 
pistillate flower, X 4; f, ovary, vertical section, X 4; g, fruit cluster, X %, h, Iruit, X P/ 2 . 
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Order 15. HELOBIAE ' ’ 

Plants mostly of aquatic or marshy habitats, often almost completely submerged: 
sexual elements arranged into distinct mostly cyclic flowers; the flowers various and 
providing no characters diagnostic of the order as here defined. The complete or 
near absence of endosperm in the seed and the aquatic habit of most of the com- 
ponents provide the basic characters by which the 7 families are distinguished as 
a unit. In addition to these characters, plants of a majority of the genera possess 
minute scales (squamulae intruvaginales) that are associated with the leaf bases. 
These are not axillary to the leaves with which each is associated, but as stated by 
Arber, probably are “appendages of the basal region of the leaf skin belonging to 
the next leaf above.” Similar structures occur also in some of the Araceae and some 
Lemuaceae. 

There is little doubt but that this is an unnatural order as defined by Engler. 
Hutchinson placed the taxa in 6 orders, and Small (following the Engler system) 
divided them into 3 orders. Hutchinson acknowledged that they possessed greater 
aifinHies to one another than to other monocots, and treated them as representing 
1 of the 4 of his major branches of the monocots. Bessey placed most of the 
families in the Liliales (others were associated with Typhaceae), and elevated the 

^ ' Named Helobiae by Engler, this order is also known as the Najadales and as the 
Fluviales. 
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remaining families as a third order (on the basis of the ovary inferior) removed 
from those with a superior ovary. Rcndle (1930) accepted Engler's concept of the 
order and placed it after the Pandanales, but did not consider it to have been 
derived from the latter, for he stated that it was “a group of orders [families] 
developing along its own lines.” 

Hutchinson’s distribution of the taxa among 6 orders has much in its favor. 
However, he treated these 6 orders as derived from the Alismatales, with the Jup.ca- 
ginales ancestral to the Aponogetonales and the latter to ^he Najadalcs. The 
Potainogotonales were represented as an offshoot somewhat more primitive than 
the juncagiiiales. The morphological studies of Chcadle (1942) and of Uhl (1947) 
discredited the likelihood of the Alismatales having been ancestral to other taxa of 
the Hclobi'ie, ind presented evidence to support the belief that the primitive families 
were the Aponogetonaceae, Scheuchzeriaceac, and Lilaeaceae, with the Najadaceae 
representing a probably highly advanced taxon. 

POTAMOGETONACEAE. POND WEED FAMILY 



Elg. 67. Pol ANKKii TONAC'i Ai . PotaiiKKicto/t Ru iuu dsofui . u, flowci iHg braiichcs, X Va\ b, 
iiiflorcsccnLc, X 2; c, flowei, habit, X 8, d, pistil, veitical section, X 10, e, fmit, X 8. 


Aquatic, or veiy rarely marsh and bog perennials; stems often jointed and 
nodose, the lower nodes root-bearing and uppei ones foliaccous, leaves sheathing 
basally, the sheath often apically ligulatc, blades submersed or floating, 2-ranked; 
flowei s bisexual or unisexual (plants then monoecious or less frequently dioecious), 
the pails aiianged in 1 -4-mcrous whoils; perianth (pseudopcrianth or sepaloid 
connective) variable, of 4 6 distinct herbaceous valvate segments in one whorl, or 
niembianoLis and tubular, or cup-shaped, or wanting (the perianth variously inter- 
picled but not established to be bractlike in origin, adnatc to the stamen and not 
a petaloul connective); stamens 1-4, the antheis 1-2-cclled; the ovary unilocular 
and umcarpellate, the ovule 1, apical or parietal {/.ostem, Cymodocea), pendu- 
lous; fiLiit an indehiscent nutlet or drupelet; seed without endosperm.^ “ 

A family of S genera and about 124 species of almost exclusively submerged 
aquatic habit, distiibutcd widely over the globe and inhabiting oceanic coastal 
habitats, biackish tidal waters, and fresh waters of rivers, sti earns, lakes, ponds, 
and bogs. The largest genus, Potamoficton, common mostly to fresh-watei habitats, 

’•’The recent studies of Uhl (1947) on the floral morphology of flowers of genera 
within this family suggested that the so-called perianth parts are in fact individual bracts 
subtending and adnate to the stamens and that the flower is fundamentally an mfloies- 
cence composed of stammate flowers (each of a single stamen and monobractcate pr n- 
anth and apetalous pistillate flowers). This view, first proposed by Kunth (1841), has 
been supported also by Miki (1937) et cU. 
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has about 90 species of which perhaps 50 are North American, with the remainder 
distributed over much of the north temperate zone. The remaining genera are all 
small, and are common to shallow oceanic and brackish waters. Notable among 
them are Zostera (6 spp.) to which the salt-water eel grass belongs, Ruppia a 
monotypic cosmopolitan genus, Zannicliellui (2 spp.) also cosmopolitan in distri- 
bution, Phyllospadix (2 spp.) limited to the Pacific coast of North America, 
Cynwclocea (7 spp.) of warm pantropical waters with 1 species in Florida, and 
2 genera {Posidoma and Althenui) not occurring in North American waters. 

Some American authors (notably Britton, Fernald, and Rydberg), perhaps fol- 
lowing the more conservative evaluations of Bentham and Hooker, have com- 
bined this and the succeeding family under the name Najadaceae. Engler and Diels 
(1936) accepted the family as composed of 5 tribes (Zostereae, Posidonieae, 
Potamogetoneae, Cymodoceae, and Zannichellieae). Hutchinson (1934) recog- 
nized no divisions within the family, but limited it to only Potamo^eton, and each 
of the other genera was placed in separate unigeneric families. Taylor (1909) 
elevated 3 tribes of previous authors to the rank of family and treated the North 
American components as the Zannichelliaceae, Zosteraceae, and Cymodoceaceae 

The family is distinguished from related families of the order by the submerged 
aquatic habit, flowers with perianth ludimentary or none, stamens 1-4, and the 
gynoecium of 1-4 1 -celled, 1-ovuled pistils. Following Taylor, Abrams placed 
Zostera and Phyllospadix in a family apart by itself (Zosteraceae) distinguished 
from the genera of his Potamogetonaceae by the anthers sessile, 2-rankef' on the 
axis, the pollen filamentous, and the pistil with 2 slender stigmas; ribbonlike leaves 
are common to both these genera. 

I'he relationships of the family to other families of the order are not clear, and 
authorities differ in interpretations. It would appear that the family stands in an 
intermediate position — more advanced than the Aponogetonaccac or Scheuch- 
zeriaceae, but not developed to the degree shown by the Najadaceae or the 
Al’smaceae. 

1 he morphological findings by Uhl (1947) indicated that within the family the 
genera Zostera and Phyllospadix stand apart, and probably merit family recogni- 
tion, a view also held by Hutchinson (1934) and by Miki (1937). Ruppia and 
Pohonof^eton were found to have affinities in common with Zostera and Phyllo- 
spadiK to represent an advancement (by reduction) over them. Hutchinson's seg 
regation of Zaniiichellia as a separate family (Zannichelliaceae) was supported by 
the findings of Uhl, who concluded that its ancestral stock was probably from both 
P damogeton- and Zosteralikc plants. 

T !ie plants of this family are of little value except in biological conservation 
aL’’\itics where many genera are important sources of food for waterfowl, and 
prov .de protection to fish. 
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Zosteia and Phyllospadix.] 
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. Cymodoceaceae. In North Amer. Flora, 17: 31 32, 1909. [Includes treatments 

of Cynwdocea and Halodule.l 

Uhl, N. W. Studies in the lloial moiphology and anatomy of certain members of the 
Helobiae. thesis (PhD.) Cornell Univ. 1947. 


NAJADACEAE. NAJAS FAMILY 



Fig. 68. Najadackal. Najas gnicdlima: a, vegetative branch, X b, branch axil with 
staminatc flower, X 6; c, leaf with pistillate flower, habit, / 10; d, pistillate flower show- 
ing position of ovule), X 15; e, staminate flower, X 15; f, seed, X 10. (f redrawn from 
Fassett.) 

Aquatic subrncrgcd monoecious or dioecious annuals of fresh or brackish water 
with much-branched nodal slender stems, rooting from lower nodes; leaves linear 
to linear-lanceolate, entire or toothed, sometimes with prominent aunclev (stip- 
ules), subopposite or seemingly whorled, sessile with sheathing base and 2 minuie 
scales within the sheath; flowers unisexual, minute, sessile, solitary or clustered in 
branch axils; staminate flowers each with 1 stamen (anther at first subsessile, the 
filament elongating during anthesis) enclosed in a minute, flask-shaped, mem- 
branous bract (often but incorrectly termed a spathe), 2-Iipped at apex, the 
anther I 4-celIed, dehiscing vertically; pistillate flower without perianth or bract 
(spathe), or the latter may be present and when so it is hyaline and adherent to 
ovary; pistil 1, the ovary unilocular and unicarpellate, the ovule 1, basal, anat- 
ropoiis, the style 1, the stigmas 2-4 (commonly 3), subulate; fruit an achenc, 
usually enclosed by foliaceous sheath; seed without endosperm. 

A family of a single genus, Najas, composed of perhaps 40 species, of which 7 
are native to and widely distributed throughout the United wStates. Of little or no 
economic importance. The family is distinguished from Potamogetonaceac by the 
annual duration, flowers always wholly submerged (not floating), and the ovule 
basal and erect. 

Campbell (1897) interpreted the plants to be simple and to be among the most 
primitive of monocots and of angiosperms, postulating further that ancestral stocks 
were probably heterosporous Filicales. The phylogenetic position of the Najadaceae 
is becoming more clear: there is anatomical and morphological evidence to support 
the hypothesis that, by reduction and suppression of parts, it is a highly advanced 
family within the order, and that, contrary to its position in the Engler schema, it 
may stand at the top of the Heliobiae. Within the monocots it is undoubtedly a 
primitive family, but by no means the most primitive and probably not ancestral 
to more advanced types. 

LITERATURE: 

Campblii, D. H. a morphological study of Nmas and Zatmichellia. Proc Calif. Acad. 

Sci. ser. 3 Bot. 1: 1-61, 1897. 
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bisexual flowers having a 2-seriate perianth with the outer series clearly sepalhke. 
They differ from the Butomaceae and Hydrocharitaceae in the ovary having 1 or 
more basal ovules (as opposed to parietal pkicentation) and the flowers usually 
arranged in whorls. 

The family, together with the Butomaceae, was redefined recently by Pichon 
(1946), and the carpellary characters rejected as bases for separation. Pichon pro- 
posed that the Ahsmaceae be treated as composed of members having lactiferous 
ducts, leaves petioled and with expanded blades, petals mostly caducous, ovules 
campylotropous, and seeds with curved embryos. This emendation resulted in his 
transfer to Alismaceae of all members of the Butomaceae except Butomiis, and 
segregation of the West Indian H elianthium nympluieijolium from other species 
of f /elianthium as a new monotypic genus, Albidella. Pichon recognized 2 tribes, 
Alismateae and Limnochariteae, separated on the carpellary differences accepted 
by authors retaining them as separate families. There appears to be much in favor 
of Pichon’s realignment of genera in the 2 families, since it represented regroup- 
ing supported by macroscopic and microscopic morphological characters of the 
gynoecium and also by anatomical distinctions. 

Phylogenetically the family is of consideiable interest to botanists, since by many 
it is interpreted to represent one of the most primitive of extant monocot families. 
Hutchinson pointed out that the relatively recently discovered Ranalisnui differed 
from ranunculaceous plants primarily only in possession of a single cotyledon and 
lack of endosperm. Cheadle (1942) found that vessels with simple or porous per- 
forations were the rule in this family, an anatomical condition more adva.iced than 
that found in most other families of the order. The presence in the Alismaceae of 
bisexual flowers whose gynoecia have many pistils, whose androecia are of usually 
many stamens, mark it as more primitive than its position in the Engler system 
would indicate. However, since it possesses an advanced type of vascular anatomy 
whose presence is contradictory evidence against any hypothesis that would derive 
other families of the Helobiae from it, there is the probability that this and the 
next 2 families terminate a lateral branch from primitive elements of the order 
that has not given rise to more advanced families of this order. 

The family is of limited economic importance. Rhizomes of Sagittaria consti- 
tuied the wappata eaten by American Indians; those of Asiatic species are culti- 
vat d for food by the Chinese. Species of the genus are cultivated for ornament 
in pools and aquaria as also are species of Alisnia, 

LITERATURE: 

Brown, W. V. Cytological studies in the Alismaceae. Bot. Gaz. 108: 262 267, 1946. 

Cn LADLE, V. I The occurrence and tvpes of vessels in the various organs of the plant 
in the Monocotyledoneae. Amer. Journ. Bot. 29: 441 450, 1942. 

En ler, A. Alismaceae. In Engler. Das Pflanzenreich, 16 (IV. 15): 1-66, 1903. 
Fernald, M. L. 7’he North American representatives of Alisma Pkmtago-aquatica. 
Rhodora, 48: 86 96, 1946. 

Pichon, M. Sur les Alismatacecs et les Butomacte | includes Albidella, gen. nov., key 
to genera of redefined Alismaceae.] Not. Syst. [Paris j 12: 170 183, 1946. 

AMurLSsoN, G. Die Aiten der Gattung Alisnia, L. Arkiv. f. Bot. 24a: 1 46, 1932. 
hMALL, J. K. Alismaceae. In North Amer. Flora, 17: 43 -62, 1909. 

Smith, J. G. North American species of Sagittaria and Lophotocarpus. Annual Rpt., 
Mo. Bot. Card. 6: 27 64, 1895. 

BUTOMACEAE, FLOWERING RUSH FAMILY 

Aquatic or marsh perennials, usually with milky juice; roots fibrous from a stout 
ihizome; leaves basal or cauline, ensiform or flat and dilated or petioled with 
orbicular to elliptic blades, reticulately veined with primary veins palmately par- 
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allel and transverse secondary veins or the leaves seemingly veinless; flowers soli- 
tary or in involucrate umbels, bisexual, the perianth of 6 free imbricated segments 
in 2 series, regular, the outer 3 sepallike (rarely colored), subherbaceous, the 
inner 3 larger, petallike, usually thin and deciduous; stamens mostly 6-9 or more 
(sometimes less in Ostenia), whorled, hypogynous, when numerous the outer often 
without anthers, the filaments free and flattened, the anthers 2-celled, basifixed, 
dehiscing by lateral slits; gynoecium of 6 or more pistils, distinct or only basally 
coherent, the ovary superior, unilocular, 1-carpelled, the ovules numerous, anatro- 
poLis, scattered over inner surface with the placental region parietal and reticu- 
lately branched; fruit a follicle, each free or nearly so, dehiscing adaxially; seed 
without endosperm, the embryo horseshoe-shaped or straight. 



Fig. 73. Buiomacfaf, Hutomus umhcllatus: a, plant (many leaves omitted), X Vio; b, 
mfloiesccnce, X c, flowei, X Vi; d, llowei, veilical section, X 1; e, pistil, vertical 
section, X 2, t, pistil, cross-section, X 3, g, lollicles, X 2. (Fiom L. H. Bailey, Manual of 
mltivateil plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey ) 

A family of 6 genera and 9 species, repiescnted in this country by Biitomus 
nnthellatns (a monotypic genus) now naturalized from Eurasia along the shores 
of the St. Lawrence River and Lake Champlain (N. Y.) and cultivated in water 
gardens for ornament. Two other genera of tropical America {Limnochans with 

2 species and Uydioclcis with 3 species) arc cultivated as aquatic subjects. The 

3 remaining genera are each monotypic; the first 2 are local endemics, Ostenia of 
Uiuguay and Klattosis of Lonkin, while Tetuifioclums is pantropical. Except as 
indicated above the family is domestically of no economic importance. Biitomus 
has promise of value in wild-life conservation practices, and its rhizomes are baked 
and eaten in northern Asia 

The Biitomaccac are readily distinguished from the Alismaceae, to which they 
seem closely related, by the numerous ovules and parietal placentation. (See under 
Alismaceae for a redefinition of the family by Pichon and realignment of all 
genera except Biitomus under that family.) 

Lhis family, like the Alismaceae, is now considered to be among the primitive 
monocots, and the gynoecial situation of many pistils and ovules scattered over the 
inner wall of the carpel is perhaps an example of the more primitive type to be 
found among all monocots and dicots. Hutchinson treated it as a representative of 
ancestral progenitors of the liliaceous stocks, while the Bessey system seemingly 
ignored its phylogenetic significances. For the more recent phyletic views by Pichon 
(1946), see under Alismaceae above. 

Lit LRATURB: 

Buchinau, F. Biitoniaceae In Englcr, Das Pflanzenieich, 16 (IV. 16) 1903. 

CoRL, E. L. Butomus umhellaiiis in America. Ohio Journ. Sci. 41: 79 85, 1941. 

Nash. G V. Biitomaceae In North Amer. Flora, 17: 63-64, 1909. 

Pichon, M. jSee entiy undei Alismaceae.] 
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HYDROCHARITACEAE. FROG’S-BIT FAMILY 



Fig. 74. Hydrociiariiaceae. A, Anachans canadensis’. Aa, pistillate plant in flower show- 
ing spathe (s), penanth-tubc (p), X 1: Ab, stammate flower showing stamens (st), 
perianth (p) and scape (sc), X 2, Ac, spathe of stammate flower: Ad, pistillate flower, 
X 4. B, Hydrochans Morsus-ranae: flowering plant, X *4. (From L. H. Bailey, Manual 
of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by I iberty 
H. Bailey.) 


Partially or completely submerged aquatic herbs, rarely floating, of fresh- or 
salt-water habitats, roots terrestrial or floating; leaves basal and often crowded, or 
cauline (and then alternate, opposite or whorled), usually sessile, very variable in 
shape and size; inflorescence (or flower) subtended by a bifid spathaccou'* bract or 
by a pair of opposite bracts; flowers bisexual or more commonly unisexual (the 
plants then dioecious), actinomorphic, solitary or in umbeF when unisexual the 
pistillate flowers solitary and the staminate umbellate, the spathes sessile or long 
pedunculate (peduncles often spirally coiled); the perianth segments 6 (rarely 2), 
free, usually 2-seriatc with 3 in each senes, the outer often sepallikc and green, 
valvate, the inner petaloid and imbricate or convolute; stammate flowers with 
stamens 3-many, the anthers 2-celled, dehiscing by parallel vertical slits, one or 
more rudimentary sterile ovaries (pistillodes) usually present; pistillate floweis 
unipistillate, the ovary inferior, unilocular with mostly 3-6 parietal placentae that 
are sometimes intruded into the loculus or the parietal zones ill defined :,nd the 
ovules seemingly scattered over the surface, the style 1, usually divided into as 
many (mostly 3 6) branches as placentae, the ovules numerous on each placenta; 
staminodia often present; fruit berrylike, indchiscent, submerged; seeds many, 
without endosperm, 

A family of 16 genera and 80-90 species, indigenous primarily to waters of the 
Warmer regions of the world. Of the 5 genera represented in this country, 2 are 
of marine plants growing in restricted ranges of salt water only along the coast 
of Florida, and are pollinated under the surface of the water {Thiilassia, with 1 
species and Halophila, also with 1 species, floating, in coves and creeks); the 
remaining 3 genera are much more generally distributed, inhabit fresh water only, 
and are pollinated at or above the surface of the water {Amwhans \lLlodea, Phi- 
lotri(i\, with 2 species, and Vullisneria and Limnohtttm each with a single indige- 
nces species). For genera of other continents and their relaticmships, cf. 
Hutchinson, pp. 28-32. 

The Hydrocharitaceae are closely related to the Butomaceae (both were placed 
in the order Butomales by Hutchinson), and differ from other related families by 
the same characters distinguishing the latter, and are recognizable from the 
Butomaceae by the inferior ovary, the spathe or paired floral bracts, and the 
unipistillate gynoecium. A contrary opinion was held by Miki (1937), who placed 
the family higher within tlic order and considered it the ancestor of Najadaceae, 
01 the basis of an assumed inferior ovary in the latter. Studies by Uhl did not 
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dearly support the view that the ovary of Najas was inferior, and it is difficult to 
believe that the Hydrocharitaceae with their markedly developed perianth and 
multicarpcilate parietal placcntation could be close to the Butomaceae-Alismaceae 
complex. 

T he family is interpreted to comprise 4 subfamilies. Of these, only the Vallis- 
nerioideiie are represented by plants native to this country. Several American 
authors have treated this taxon as the Vallisncriaceae (cf. Britton, Small, Rydberg, 
Abrams, and Pool) Hutchinson (following Dandy) treated the family as composed 
of the same elements that were placed in it by Engler, but subdivided them into 3 
subfamilies, one of which was the Valirsnerioideae. The family was elevated by 
Small (I9()9i to the rank of order and subdivided into 2 families; Elodeaceae 
composed of I/alophila, VuUistiei la, and Philotiui (a name given by Rafinesque 
in IHI8 to t)ie plant named Anacharis by Richard in 1811 and Llodca by Michaux 
in 1803, not Adanson in 176.3), and Hydrocharitaceae composed of ThaUissia, 
nydromyshu (indigenous fiom Puerto Rico southwaid), and Lininohiuni. 
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Order 16. OLUMIFLORAE 

The grasses and sedges; flowers very small and usually termed florets, arranged 
in sprkclcts, without a conventional perianth (sometimes represented by bristles 
or reduced to minute scales), in axils of dry chaffy bracts, stamens typically 3 or 
sometimes 6 or rarely more, the ovary superior and 2-3-carpeIlate; fruit a caryopsis 
or achenc, and with endosperm present and abundant. 

The plants placed in this order have been considered by most botanists to com- 
pose a natural assemblage, and one with which some phylogenists in the past 
included other families (i.e., Juncaceae, Centrolepidaccae, Thurniaceae, and 
Restionaceae). The taxonomic validity of placing both the grasses and the sedges 
into 1 order was rejected by Hutchinson (1934, 1948), who segregated them into 
separate orders (Ciraminales and Cyperales) and placed into a third and related 
order (Juncales) the other 4 families cited above. The results of morphological 
studies by Belk (1939) and by Blaser (1940, 1944) supported the segregation of 
the grasses and sedges into 2 separate orders, but failed to provide substantiating 
evidence to justify the transfer into this general association of the plants comprising 
the Juncales of Hutchinson. 

It is generally agreed that the grasses and sedges are very advanced groups, 

Various names have been employed for this order, that of Glumiflorae being the 
oldest. Authois desiious of terminating all orders uniformly by the approved ending 
-ales have employed either Graminales or Poalcs. 
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food for man (8 genera domestically important) rice (Ofvza), corn (Zen), wheat, (Tri- 
ticum), rye {Secale), oats (/lienn), barley {floiiieum) 
sugar and molasses (Saccharum, Sot}*hitm) 
coinstaich and by-products (Zen) 
beverages 

sake (rice), whiskey (rye, barley, corn), rum (molasses, from sugar cane) 
shelter 

thatch, bamboo framing, matting 
indust I ia I uses 

corn products (insulation materials) 
newsprint and other papers 
ethyl alcohol and deiivatives 
turf 

forage, decorative, sports aicas (Asirostts, Poa, Festuca, Stenotciphrum, Cyiwdon, 
Zoisia) 

ornamentals (over 80 genera cultivated domestically) 
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CYPERACEAE. SEDGE FAMILY 



FIr. 76. C' YPLRACFAi . A, Cvpertis altemifoUus- Aa, habit flowering axis, side and top view, 
/ *A; Ab, stem section, X V 2 \ Ac, inflorescence, X 4. B, Carex Morrowii: habit, y Vh. 
C, (arcx pUintamnca. Ca, flower, X 10; Cb, fruit, X 10. (From L. H. Bailey, Manual of 
cultivated plants. The Macmillan Company, 1949 Copyright 1924 and 1949 by Liberty 
H Bailey.) 


Perennial or infrequently annual grasslike or rushlikc herbs, often of damp 
boggy, marshy, or riparian habitats; roots fibrous from a very short or elongated 
and creeping rhi^ome, the latter rarely tuberlike; stems (culms) mostly solid, often 
triquetrous, generally unbranched below the inflorescence, frequently leafless; 
leaves in basal tufts or basal ly cauline and then 3-ranked, in a phyllotaxy (or 
infrequently a Yh phyllotaxy), of 2 parts — a grasslike blade and a closed (or rarely 
open) sheath, ligule usually absent; flowers very minute, subtended by chaffy 
bracts, bisexual or unisexual (when the latter the plants monoecious or very rarely 
dioecious), arranged in spikelets in spicatc, racemose, paniculate, or umbellate 
inflorescence types, the latter frequently subtended by foliaceous bracts; flowers 
each in the axils of glumelike, closely imbricated bracts (scales, glumes), the 
perianth represented by hypogynous bristles or scales (rarely subpetaloid) of 
varying numbers in 2 whorls or completely suppressed and absent; stamens (in 
bisexual or staminate flowers) hypogynous, 1 to 6 and usually 3, the anthers 
basifixed, 2-cclled, dehiscing by vertical slits, the filaments distinct; pistil (in 
bisexual or pistillate flowers) I, the ovary superior, sometimes (in Carex) sub- 
tended and enveloped by a single posterior prophyll (perigynium, utriculus, or 
sac), unilocular, the ovule solitary, basal, erect, anatropous, the style 2-3-toothed 
or with 2-3 branches, when persistent and indurated, sometimes forming a beak 
on the achenc; fruit nutlike (achene or nutlet), indehiscent, when from a 

2- branched style pistil often more or less 2-sided or lenticular, and when from a 

3- branched style often 3-sided, the achene sometimes enclosed in a sac (perigynium 
or utricle) or by a partially enveloping and connate glume; seed with albumen. 

A very large family distributed throughout the world, but particularly abundant 
in the subarctic and temperate regions of northern and southern hemispheres. It 
was divided by Engler and Diels into 3 subfamilies (earlier Englerian classifications 
recognized only 2 subfamilies), 7 tribes, and about 72 genera (17 monotypic). 
Hutchinson recognized 7 tribes (some of which were reclassified from the Englerian 
arrangement) represented by 83 genera. The number of species for the world is 
about 3200, with genera having in excess of 100 spp. each including Carex (ca. 
1100 spp.), Cypertts (ca. 700 spp.), Scirptts (ca. 200 spp.), Fimhristylis (ca. 125 
spp.), Rhynchospora (ca. 200 spp,), Eleocharts (ca. 150 spp.), and Scleria (ca. 
100 spp.). Eighteen genera occur in the northeastern section of North America, 
about 22 genera in the southeast, and 14 in the plains states, with Abrams credit- 
ing 13 genera and 236 species to the Pacific states. Of the indigenous genera, Carex, 
Scirpus, Stenophyllus, Hemicarpha, Rhynchospora, and Eriophorum (rare in the 
south) occur in almost every region of the country. 
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Members of the family generally are readily separable from the Gramincae by 
a combination of characters, viz., solid and often triquetrous stems, leaves in a 
^•> phyllotaxy with the leaf sheath generally closed, each flower usually subtended 
by a single bract (glume), and the absence of ligule and lodicules. 

Morphological studies by Snell (1936) and Blaser (1940) have demonstrated 
that (1) primitive members of the family possessed a regular 6-paited perianth 
disposed in 2 whorls, which in some genera was reduced to bristles (the latter rep- 
resenting 3 or more veins of each sepal when in the outer whorl, or the single 
vein of each petal when in the innei whorl) or completely suppiessed with no 
remnants, (2) the androecium was basically composed of 6 stamens in 2 senes 
(a condition not now typical but occasionally observed as an anomaly in hlco- 
vhtins ) with those of the inner senes usually suppressed and 1 or 2 of the outer 
whorl suppressed in some genera or species, (3) the ovary may be either 3- or 
2-carpelled, with always a single central basal ovule believed to have been derived 
from free-central placentation of ancestral stocks, and in some cases {Surpus) the 
number of styles may not be a reliable index to carpel numbei, and (4) the char- 
acter of a stylopodium in some genera {Eleotluuis, Scirpus) as used in some 
taxonomic treatments is rejected as inconstant and of no taxonomic or phylogenetic 
significance; similarly, it was found that no reliability could be placed in the 
character of lenticular versus trigonal achcncs, since intergradations between them 
were observed, and also that the degree of difference varied with external growth 
factors. 

Some authors have treated the 3 subfamilies of Cyperaccae as independent fami- 
lies: C'ypcraceae (restricted to the subfamily Scirpoideae), Rhynchosporaceae, and 
Caricaceae. Holttum (1948), largely on the basis of spikelet morphology studies, 
concluded that of the 3, the subfamily Scirpoideae was the most primitive, that 
possibly several lines led to the Rhynchosporoideae, and that from the latter (also 
by several lines) arose within the Caricoideae the genera of Cryptangieae, vSclerieae, 
i.nJ Cariccae with Carex the most highly developed genus in the family. 

Phylogcnctically the Cyperaccae have been allied closely to the Ciramineae. 
Hutchinson separated the families into 2 separate orders (Cyperales and Grami- 
nalcs) of 1 division, considered the latter to be the more highly advanced, and 
treated both as having been derived from liliaceous ancestors via the Juncaceae 
complex. The studies by Snell and Blaser indicated that the Gramincae are n )t 
close allies of the Cyperaccae. It was pointed out by Blaser that ( 1 ) the super- 
ficial grasslike habit is of no phylogenetic significance and has appeared also in 
other unrelated families, (2) the spikelets of the Cyperaccae arc not at all homolo- 
gous with those of the grasses, since in the former they vary widely in organization 
Within the family, whereas in the latter they are reasonably constant, (3) the basic 
pLx'cntal condition of the Cyperaccae has been derived from an ancestral free- 
central type, whereas in the Gramincae it has been derived from a parietal type, 
and (4) the florets of the Gramineae (excluding bracts) are borne terminally, 
whereas m the Cyperaccae they are always axillary in position. From these con- 
siderations it IS clear that the 2 families belong to 2 separate orders as treated by 
Hutchin>on, and that they arc not so closely related as he indicated them to I e, 
but that there remains the “possible derivation of the Cyperaccae from smalf- 
flowered, few-seeded, hypogynous, Liliales with axile placentation . . . the tran- 
sit on hav.ng occurred through loss of septa and placental axis and may have 
occurred through some line not now recognizable” (Blaser, 1940). 

Economically the family is of little importance. Pith from culms of Cypenis 
Papyuis was used by Egyptians as early as 2400 b.c. in papermaking and, aside 
from use as an ornamental aquatic, its importance is now only academic. Cy perns 
alteniijolim (umbrella plant) is commonly grown in warm regions as an aquat.c 
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ornamental, and C. escnlentus (chufa, groundnut), usually a weed, may be grown 
for Its edible tuberous rhizomes. 

LULRAt URL 

Bi 1 III. A A C ypt-i.tccac, 1 ribc 2, Scirpeae. In North Amer. Flora. 18: 479 504. 1947 
I Sarpus ! 

Blasi k, II. W. I he morphology of the Bowers and inlloresccnces of the Cyperaceae. Thesis 
(PhD) ( oincll Univ., 1940. 

Studies in the morphology of the Cyperaceae I. Morphology of the flowers. A. 

Scirpoid genera, Amer. Journ Bot. 28. 542 551, 1941. B Rhynchospoioid genera. 
op c// , 812 838, 1941 II 1 he prophyll op cit , 31* 53 64, 1944. 

C'l tRKi , C. B New gcneia and species of C'yperaceae Kew Bull Add. Senes, 8- 1 196, 

19 '' 8 . 

(lAii. S. Rhvfnhosporu. section Ltohvnchospout, in Canada, the United States, and 
the West Indies Rhodoia, 46. 89 134, 159 197, 207 249. 255 278, 1944. 
lIoLiiiJM, R. L. I he spikelet in Cypeiaceae Bot. Rev. 14 525 541, 1948. 

Ma(kin/ii. K. K. Cyperaceae, Tribe 1, Cariceae. In Noiih Amer. Flora, 18: 1-478, 
1931 1935. 

Sniii, R S. Anatoir.s of the spikclets and floweis of Carc\, Kohresia, and Uncinis. 
Bull Toney Bot.' Club, 63* 277 295, 1936. 

Svi N.soN, H. K Monographic studies in the genus Lleocharn Rhodoia. 31' 121-135, 
152 163, 167 191, 199 219, 224 242, 1929, II, op cit , .34* 193 203, 215 227, 1932; 

III, op cit., 377 389, 1934; IV, op at, 39* 210 231, 236 273, 1937. 

Order 17. PRINCIPES 

The palms; woody plants; flowers 3-merous, small, mostly on compound spadices 
comprised of simple or branched rachillae, the inflorescence mostly enveloped by 
1 or more large spathaceous bracts in bud; ovary superior, tncarpellatc, ovules 3 
or more with only 1 usually developing, superior; the fiuit a berry or a drupe; 
seeds with endosperm, Lhe Palmae are the only family of the order. 

PALIVIAE. PALM FAMILY' 

Woody shrubs, vines, or trees; .stems very short or seemingly none, or large- 
holed (mostly unbranched trees), or slender, long, and flexiious; leaves (fronds) in 
a terminal cluster (head or coma) in arborescent species or scattered alternately 
in climbing and so.me shrubby species, petioled, the base persisting or not and 
oHen spreading about or sheathing the trunk, in some genera much expanded and 
kasally enveloping terminal bud and then forming a “crownshaft,” the petiole 
(haft) smooth or margined, with teeth or prickles or the lower leaflets legressively 
smaller and modified into long spines; the blade simple and flabcllate (fan palms) 
or pinnatcly compound (feather palms) with generally many leaflets (pinnae), or 

Botanisis holding to the view that names of all oiders terminate uniformly in 
-ales adopt the name Palmales or Aiecales lor this group. 

“ * Palmae is the conserved name for the family. Some botanists hold that consistency 
IS achieved only by naming each family after its type genus and adopt for this family 
the alternative name of Aiecaceae. 


FIr. 77. Pai mal a. Cocos niicifera: Aa, tree in fruit, much reduced; Ab, flowering in- 
florescence and spathes, X V'lo, Ac, section of rachilla with pistillate and staminate 
flower, \ ' 2 , Ad, pistillate flower, vertical section, X 1 , Ae, staminate flower, X 1 , Af, 
fruit, X i/h; Ag, same, longitudinal section, X V^; Ah, nut, X Vb. B, Washinfftonia filifera: 

a, tree, much reduced; Bb, flower, X 2, Be, same, perianth expanded, X 2, Bd, fruit, 
V 1 C. Thrtnax microcarpa: leaf, much reduced. D, Chrysalidocarpus lutescens: trunk 
apex showing flowering inflorescence, crownshaft and leaf-petioles, much reduced. (After 
L H bailey. Manual of cultivated plants. The Macmillan Company, 1949.) 




396 


SELECTED EAMILILS OF VASC ULAR PLANTS 


simple and pinnatcly veined; in leaves of many fan palms (Thnnax) a woody 
ligule (hastula) occur i mg, situated ventrally at junction of blade and petiole, in 
others (Sahal) the midrib (costa) extending well into the curved blade; inflo- 
lesccncc usually paniculate, mostly below ( infrafoliar ) or amongst the leaves 
(intrafoliar ), or rarely above the crown of foliage (suprafoliar ), sometimes termed 
a spadix (usually compound, branches termed rachillae. simple in Gconomcae spp. 
and others) whose base is a peduncle; the inflorescence subtended by 1 or more 
usually large bracts (spathes, when woody a tyniha), and in some genera the 
cymba constricted basally into a handlelike claw (manubrium); flowers small, 
actmomorphic. sessile or very short-pedicelled, bisexual or more commonly uni- 
sexual (when so, the plants usually monoecious or in a few genera dioecious), 
perianth of 6 segments (vestigial in Pfixtelephas), in 2 senes, free or connate, sepals 
generally imbricate or open in bud, petals mostly valvate in staminate flowers and 
imbricate in the pistillate, stamens mostly 6 (occasionally more in a few genera) 
in 2 whorls of '» each, the anthers 2-celled, dehiscing by vertical slits, filaments 
distinct, usually slioit, pistil 1, or rarely 3 and basally connate, ovary superior 
(vestigial oi none m staminate flowers), I 3-celled (laiely more), the ovule usually 
solitaiy in Ctich locule, bavil oi axile. eiect or pendulous; fruit mostly a beiiy or 
drupe, the exocarp flc’^hy, fibrous or leathery, sometimes (in Ruffui) of imbiicated 
bracts, seed with endosperm, sometimes ruminate, the embiyo small and its posi- 
tion within the seed often alfoiding characters of genetic value 

A large family of tropiCid and subtropical woody plants not yet well known 
taxonomically and, in the aggiegate, in need of much systematic and mot phological 
study No recent world monographs aie available, and existing treatments ( Bcntham 
and Hooker, Drude, Wendland, Bcccari) arc not in harmony with much inde- 
pendent lesearch published since on individutd genera and/or floristic groups 
(Buriett, Luitado, Bailey, <7 til ) 

I'he family was divided by Bentham and Hooker into 8 tribes, and Hutchinson 
counted 210 genera I he number of valid species may be 4()()() oi more, and since 
the family is pooily lepiesented m heibaiui undoubtedly m.iny genera and an 
.ippreciiible numbei of species .iie yet unknown to science Nine geneia aie native 
III the United .St.ites, lepiesented m all by about 20 species I hese include li'tish- 
uiuttfUKi m southern (alifoima iiiid Ari/ona, Sahal and Scnntxi from coastal 
Ninth Caiolina into Idoiida and west along the coastal plain of the Ciulf slates 
into southeaslein lexas, and milive in Fdoiida the geneia thnnax, (tnofUnnax, 
Painotis, Pscialopliocnix, RhapnUtpInlhini, and Rowtonca The monotypic genus 
Ctnos IS extensively naturali/ed in l loiida, but is not an indigen Many genera, 
perhaps are cultivated for ornament in southern Florida and California 

Domestically the family is of little direct importance, but from a world view- 
point It tanks next to the grasses in economic significance. Pantropically . its mem 
bers provide food, shelter, clothing, and lesser necessities to life foi entire popula- 
tions of piimitive peoples lo civili/ations of temperate regions the palms aie the 
souices of such pioducls as copia, coconut and olhei oil. dales, coconut meat, rattan 
cane, laflia, ivoiy nuts, and carnauba wax. 

I m R wrRi 

Baiun, I II I Foi mans papers devoted to the sssiemaiics ol Amencan and cultivated 
palms, see Cienies Heib.uum, sols, 2, 3, 4, 6. 7. and 8 (1930 1949). j 
Bosi M. F' Blutenmoiphologie und /ytologische IJnteisuchungen an Palmen. Ber Schw. 
Bot. Cies 57. 37 100, 1947. 

Bi'RKI i. M i I of titles ol osei 40 papers on American palms see Dahlgien cited below, 
PP 289 290 I 

Dshk.rin. B. h Index of Ameiiean palms Field Mus Nat Hist, Bot Studies, vol. 14, 
19V> 

Makiius, C F P VON Historia natiiralis palmaium 3 sols I eip/ig, 1823 50. 
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Order 18. SYNAINTHAE 

An ‘order of 1 family of palmlikc monoecious plants characteiized by the minute 
unisexual apetalous flowers congested on a more or less fleshy spadix that is en- 
veloped by deciduous spathelike bracts. 


CYCLANTIIACEAE. PANAM A-HAT-PAl M FAMILY 



vig. 78. C VC lANiHAC'iAi C inhtilos ua palmata a, habit, much leduccd, b, inlloicscciKC. 
^ ’f,. c. segment ot flowering spadiv. 2 (pi pistillate llowei, s.l staminate llovvei). 
d, pistillate fhwer. veitical section ’ 5. e, ov.iiy. cioss-seclion. ' 10. I. pistillate llowei. 
top view. 4, g. stiiminate llowei. 5. h. Iiuiting spadix. ' »> (liom 1 11 ILu cy. 

Manual af mlfnafcd plants, I he Macmillan C'ompany, 1949. Copyright 1924 and 1949 
by Liberty H Hailey.) 

Acaulcsccnt palmlike monoecious perennial heibs, or sulTrutescent climbeis, 
mostly terrestiial or sometimes subcpiphytic: leaves spiial or distichous, palmate, 
entire, llabcllalc, or 2-lobed or 2-divided, the lobes often much subdivided, the 
petiole basally sheathing; inlloresccnce a simple axillary spadix, pediincled, sub- 
tended and initially enveloped by 2 or moie conspicuous caducous foliaceotis or 
pctalaceous spathes: floweis unisexual, densely ciowded, the sexes in superposed 
wdiorls oi in spiialed units of a pistillate llowei surrounded by staminate flowers, or 
sexes alternating in spirals; staminate flowers with perianth none or represented by 
an obliquely toothed cuplike sliucture, the stamens numerous, the anthers 2-celled. 
dehiscing by longitudinal slits, the filaments basally connate and adherent or 
adnate to peiianth when the latter is present, pistillate flowers with perianth none 
or with 4 connate perigynal lobes or free perianth segments (those of adjoining 
flowers sometimes connate, enlarged, and indurate in fiuit), the staminodes 4, 
shevit or flexuously filiform, with or withenit rudimentary anthers, the pistil 1 , the 
ovary 1-loculed, 2-4-carpclIed, free oi embedded in spadix, the ovules numerous, 
attached to walls on 2 4 parietal placentae or to apex of locale, anatiopoiis, the 
placentation basically parietal, the style none or stoutly pyramidal, the stigmas 
1 4, divergent; fruit a fleshy syncarp, of separate or connate berries ficqiicnlly 
falling from spadix as layers of pulp; seeds numerous, with succulent tesla, the 
endosperm present and copious, the embryo minute. 

A family of the West Indies and tropical America not occurring in this country 
except as cultivated subjects. Composed of perhaps 6 genera and 45 or more 
species, and by some authors the genera treated as sections of Curlitdovua (cf. 
Gleason, 1929) Only (arhidovka is domestically cultivated (infrequently) as a 
tropical novelty. 

Phylogenelically the family (and order) is one of considerable specialization 
and advancement as indicated by the much reduced unisexual flowers and the 

Synanthac. the name of the order as employed by Engler and Diels ( 1936). For 
the same older some authorities use the name Cyclanthales. 
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inflorcsjcnce. Morphological studies by Harling (1946) supported the opinions of 
Lngler and Diels (1936) that the family represented an order apart by itself, but 
stood between the palms and the aroids in advancement. Hutchinson also con- 
sidered It to be an advanced derivative of the palms. 

Fconomieally impoitanl only as a source of material for Panama hats (obtained 
primal ily from leaves of Carliuiovua)^ and to a lesser degree for ornamental and 
landscape value. 

I llfR A I URL 

(ji I AsoN II A. New or noteworthy monocotyledons from British Guiana. Bull Torrey 
Bol C lub, ‘>6 I 8, 192^ | C'omprises a revision of the genus ( mludoMia, resolving 
generic segregates into 6 sections on the broadly redefined genus ] 

Haki inu, (j. Studien uber den Blutenbau und die Hmbryologie der Familie Cyclanihaceae. 
Svensk Bot. Tidskr 40 2‘'7 272, 1946 

Order 19. SPATHIFLORAE 

Mostly herbs or climbers: flowers minute, much reduced, on a thickened spadix 
that is subtended by a single large mostly heibaceous spathe, the perianth none 
or much reduced (not petaloid), the ovary usually superior, the fruit a berry. The 
families Araceac and Lemnaceae comprise the order. 

ARACEAK. ARUM FAMILY 

Rhi/omatous or tuberous, mostly herbaceous terrestrial (rarely aquatic) plants 
with sap milky, watery, or sharply pungent, calcium oxalate crystals generally 
present in the tissues, the plants sometimes epiphytic with aerial roots but com- 
monly terrestrial; leaves simple or compound, solitary or few, basal or cauline, 
and alternate, pctioled with membranous sheathing base, the blades ensiform and 
parallel-veined or variously lamellate with pinnate- or palmiite-netted venation; 
inflorescence a simple spadix subtended by a sometimes caducous herbaceous 
spathe that is generally large and often brightly colored; flowers bisexual or uni- 
sexual (the plants then monoecious or rarely dioecious), small, often with fetid 
odor, the perianth rare in unisexual flowers and present in bisexual ones, of 4-6 
free oi connate segments; stamens 2, 4, or 8 (rarely solitaiy), hypogynoiis, the 
anthers mostly 2-celled, dehiscing by pores or slits, free or connate: pistil 1, the 
ovary superioi or inferior (then embedded in spadix), 1-many-lociiled, the ovules 
1-many, the placentation basal, parietal, axile, or apical, the style and stigma 
present and variable oi absent; fruit a berry; seeds mostly with endosperm. 

A ftimily of about 105 genera and 1400- 1500 species, mostly tropical or sub- 
tropical in distribution but many of temperate regions. The outstanding authority 
on the systematics within the family was Kngler. who divided it into S subfamilies 
(Pothoideae, Monsleroideae, Calloideae. Lasioideae, Philodendroideae, Caloca- 
sioideae. Aioideae, and Pistioideae) and 28 tribes. Hutchinson (1934) recognized 
18 tubes, providing keys to these and to about 113 genera. Eight genera are 
indigenous to the United States’ Atisaema, Peltamlra, Calla, SympUn arpus, Oron- 
tiuni, and Aiorus in much of the country cast of the Rockies, with PistUi restricted 
to Florida and westward to Fexas, and Ly.sichiton extending from Alaska southward 
to the Santa Cruz Mts of California. Five of these genera are monotypic iPeltan 
dm, Onuittuni, Sxmplocai pus, Lxskhiton, and Pistia). From the world viewpoint, 
the hugest genera include Anthununi (ca. 500 spp.). Philodendron (ca. 200 spp.), 
Honudoniena (80 spp.). and Arisaema (ca. 60 spp.). 

Ameiican representatives of the family aie readily identified by the herbaceous 
chaiactcr of the plant and by the inflorescence a spadix enveloped or subtended 




Fig. 79, Aracfae, a, Arisatnua atroruhcus, Aa. piaiU m Ilowci, / If), Ah, sp.ithe base 
showing spadix with pistillate flowers, ^ 1, Ac, tcitile section of spadix with pistillate 

flowers. / 5; Ad, fertile section of spadix with staminaie flowers, > 5, Ac, iriiii-cliister, 
-< W. B, Zantedeschia aethiopica: Ba. leaf-blade and inlloicscence, / ' 6, Bb, spadix, X 
Va; Be, pistillate flower with staminodia, . 8, Bd, same, veitical section, X 8; Be, 

starninate flower, X 8. C, Anthunum 'indracanuiti: Ca, Ical-bladc and inflorescence, 
X Va; Cb, spadix, X Vi', Cc, flower, one pcrianlh-scgmcnt and stamen lemoved, / 8. 
D, Pistia Stratioies: Da, habit, X Vi’, Db, infloiescence, X 3; Dc, same, veilical scclion, 
X 3. E, Alocasia l.owii: Ea, inflorescence, spathe sectioned to show spadix, ^ ’ 2 , Eb, 
cluster of pistillate fluwers, top view, X 3, F'c, pistillate flowei, vcitical section, X 6; Hd, 
staminate flower, X 4 tFrom L. H, Bailey. Manual of cultivated plants, 1 he Macmillan 
Company. 1949. Copyright 1924 and 1949 by label ly H Bailey.) 

J.99 
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by a single spathe. All indigenous genera, except Arisaemay are plants of bog or 
aquatic habitats and the former is a plant of moist woodlands. Pistia is a free- 
floating aquatic, and Orontmni grows in water but roots in the substrate. 

Fhe phylogenetic position of the Araceae has been the subject of several inter- 
pretations. Fngler ( 1920) considered them derivatives of the Palmae via the 
Cyclanthaceae. Wettstein (1935) considered them to be advanced over the orchids 
and as probably derived directly from Helobiae-Liliiflorae stocks. Bessey (1915) 
treated the palms and aroids to be of parallel or divergent development from 
liliaceous ancestors, whereas Hutchinson (1934) considered the family to have 
been deiivcd fri)m stocks ancestral to the Aspidistrae tribe of Liliaccae. 

Hconomically the family is of little importance in the United wStates aside from 
members grown as ornamentals In Old World tropics and, subtropics the thickened 
rootstocks of Colniusia (taro) arc a source of starchy food, while those of 
Alocasiii are used similarly to a lesser extent. A score or more of horticultural 
valiants of taro are grown for this purpose in Hawaii and other Pacific islands. 
The large “fruits” of Monstera are eaten in many tropical regions and pii/ed for 
their delicate flavor Representatives of about 35 genera are cultivated domestically 
for ornamental purposes. Notable among them is the calla of florists i'Zante- 
de.\(hia), not to be confused with the native Calla also grown along pool margins, 
and several genera whose members provide durable foliage plants for interior 
decoration, as Diefjenbachia, Pothos, Philodemlron, Scindapsus, and A f>laonema. 
Many species and garden variants of Anthurium are grown for both foliage and 
brightly coloicd, showy, waxy spathes. Plants of Caladium (Elephant’s Ear) arc 
grown for their multicolored foliage, and members of Ansaenui (jack-in-the-pulpit), 
Afiiorphophalhis, and Helicodueriis are grown in the open as curiosities Pistia 
and Orontium are cultivated for ornament in pools, with the former also an 
aquaiium subject. 

LtrERATVRh 

r N(>i I K, A. Arateac In de Candolle, Monogr Phan 2: 1-681, 1879. 

EnciI I R, A and Krausi , K. Araceae. In Engler. Das Pflan/enreich 21 (IV. 23) 1 330, 
19()S, yi: (IV. 23) 1 160, 1908; 48: (IV. 23) 1 130, 1911; 55: (IV. 23) 1 134, 1912; 
60. (IV. 23. Db) 1 143, 1913; 64: (IV. 23. Be) 1 78, 1915; 71: (IV. 23 E) 1 139, 
1920; 73 (IV. 23. F) 1 274, 1920, 74: (IV. 23 A) 1 71, 1920. 

Huichinson, J. The families of flowering plants. 11. Monocotyledons, Araceae (pp. 117- 
124). l.ondon, 1934. 

Huiillsion, D. G. Three subspecies of Ansaema triphyllum. Bull. Torrey Bot Club, 
76: 407 413, 1949. 

LEMNACEAE. DUCKWEED FAMILY 

Floating or submerged perennial herbs; plants without roots or the roots reduced 
to unbranched rhizoids; the plant body reduced to a small or minute oval, oblong, 
flat or globose thalliis, leafless, often purplish beneath, often reproducing asexually 
by buds, overwintering in temperate regions by production of buds that sink below 
the surface into substrate; monoecious; flowers unisexual, naked or initially enclosed 
by a membranous sheathing spathe; staminate flowers solitary or in pairs, of 1 or 
rarely 2 stamens, the anthers 1-2-celled, the filaments absent or if present filiform 
or fusiform; pistillate flowers solitary, the pistil 1, ovary unilocular, sessile, the 
ovules 1 7, basal, the style and stigma 1, simple; fruit a utricle, the seeds with or 
without endosperm. 

The family is represented in fresh-water habitats throughout much of the world. 
Botanists are divided in opinion as to the number of genera: by Engler and Diels 
(1936) and by Wettstein (1935) it was considered to be 3 iLemmi with 8-10 
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>pp., Spirodelii with 3 spp., and Wolfh(i~ ' with 12-14 spp.); by most American 
botanists it is placed at 4 {Wolffiella added as a generic segregate fiom Wolffia): 
whereas by Hutchinson ( 1934) it was treated as composed of only 2 geneia 
{Spuoiicla merged with Lemnu, and WolfficlLi ignoied) Acceptance of Wolf- 
fit’llu as a taxonomically valid generic entity is given greatei justification by the 
recent discovery foi the first time of fiowering material (Mason, 1938) both in 
this country and in Argentina. 



Fig. 80. I .rMNACFAf. Lemna muun' a, floweiing plants with ihi/oids, 2, b. plan! in 
fiower, X 8, c, sheath with intloiescencc of thice lloweis, • 2.*', d, staminate llower. 
40, c, pistillate flower, ' 40 


All 4 genera are indigenous throughout most of the country with the family 
represented by 2 spp. of Spirociela, 1 of Lenina, 3 of Wolffia, and 1 of Wolffiella 
.Species of all genera aie cultivated for ornament in pools and aqiiaiia 

Most phylogenists are agreed that the family represents a degenerate offshoot of 
the Araceae with origins probably from Pistia or ancestral slocks of close affinity. 
Brooks (1940), on the basis of vegetative and floral anatomy and cytological 
studies, concluded that “the Lemnaceae have been derived from the Araceae, and 
that the Lemnaceae have a very reduced strucluie and show a reduction series from 
Sptmdcla through Lenina to WolifteHa and Wolffia ” An entirely different view 
was taken by Lawairce (1945), who contended that the family was not of close 
affinity with any of the Aiaceae, but rather was a derivative of members of the 
order Helobiae. His principal basis for this was due to the p’'esence of “squamiilae 
intravaginales” in Spirodela, a situation common also to most members of the 
Helobiae. 

Considerable interest has been evinced in the flowering and fruiting of species 
of Lemnaceae; both are rare phenomena and the latter the more so Explanations 
accounting for the infrequency of these functions are wanting, and students are 
to be encouraged to search for reproducing material of these genera, and when 
it is found, to collect for critical study copious samples in liquid picsei vative. 

UTERAiVRE: 

Brooks, J. S. The cytology and morphology ol the Lemnaceae. Thesis (PhD ). Cornell 
Uiiiv., 1940. 

(joi BLL, K. Ziir Organogiaphic der Lcmnaceen. Flora, 114: 278 305, 1921. 
HUiILMaur, F. Systcmatische ('bersicht der Lemnaceen Bot. Jahrb. 21: 268 305, 1895. 
LAV'ALR^t, A. La position systematiqiie des I emnaceae et Icur classification. Bull. Soc 
I Roy 1 Bot. Belgique, 77 27 38, 1915 

Mason, H. L. The flowering of WolffieUa linfudata (Hegelm ) Hcgelm. Madrono, 4: 
241 251, 1938. 

“''’Small (Manual ot the southeastern flora) rejected the generic name Woljfia and 
accep ed that of Btumria in its place — a practice not followed elsewhere. 
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Saioir, a. The nowcring of Lcmiiitccac. Bull. Torrey Bot Club, 56; 351-358, 1929. 
Thompson, C' H A revision of the American Lemnaccae occurring north of Mexico 
Rep Mo Bot. Ciard 9. 21 42, 1898. 

Onlir 20. FARI^OSAE 

A large order of 13 relatively small families, of which only 6 come within the 
scope of this woik; all h.iving in common the single characlei of a mealy endosperm 
and ch.iiactei i/ed in general by a usually compound and usually siipcrioi ovary. 

f bo or.lcr is not phylogentically a homogeneous taxon (Fngler placed the 13 
families belonging to it into 6 subordcis), and the establishment of it on the endo- 
speim char.icler, as accepted by I nglcr, has since been rejected by Bessey, Hutchin- 
son, Wctlstein, and otheis By these later authors, the families accounted foi 
below were redisti ibuted elsewhere among the monocots and as indicated in the 
discussion of each. 

Families of the order not treated in this text include: Flagellariaceae. Rcstiona- 
ccae, Centrolepidaccae, Thurniaceae, Rapataceae, Cyanastraceae, Philydraceae. 

MAYACACKAK. BOG MOSS FAMILY 



Fig. 81. Ma^acaciai Mavma Auhleiu a, fertile and sterile bianch, ^ 1, b, leaf apex, 
>< 30; c, llowei, face view, '' 4; d, flower, vertical section, 4, e, ovaix, cioss-section, 
> 20, 1, anlhei, x 15, g, anther, cioss-scclion at anthesis, x 20; h, triiit, 3 


Fiesh-water aquatics, floating, or submerged and cieepmg; leaves filiform or 
linear, spirally alternate in high phyllotaxies, the blades sessile, 1 -nerved, narrow, 
bidenlatc; flowers solitary and axillary on slender peduncles or aggregated near 
branch apices, bisexual, the perianth actinoniorphic, of 2 senes, 3-merous, the 
calyx of 3 free subvalvate sepals; the corolla about as long as calyx, white, violet, 
or lose, of 3 imbricate short-clawed obovate petals; stamens 3, alternate with the 
petals, hypogynous, the anthers 4-celled, dehiscing apically or subapically by pores 
or poiicidal slits, basifixed, the filaments distinct, filiform, gynoecium of single 
pistil, the ovary superior, unilocular, 3-carpcllcd, the ovules several, biseriate, the 
placentae 3 and parietal, orthotropous, the style filiform, undivided, the stigma 1 
and terminal, persistent on fiuit until its dehiscence; fiuit a triquetrous 3-valved 
capsule, dehiscing midway between placentae: seeds globose to ovoid, leticulated, 
with endosperm, the embryo small and apical. 

A monogcneric family {Maxcua) represented by about 10 species with all but 1 
(of tropical west Africa) m tropical or subtropical America Two species (A/. 
fluvuitilis, M. Auhletii) occur infrequently to rarely along margins of pools and 
sluggish streams of the Atlantic and Gulf coastal plain from perhaps as far north 
as Virginia, south to Florida, and west to Texas. They are not of any known eco- 
nomic importance and none is cultivated. 
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Engler placed the family (along with the Rcst.onaceae, Centrolepidaceae, Xyri- 
daceae. and Enocaulaceae ) in his suborder Hnantioblastae. Weltstein ( 1935) fol- 
lowed Hallier and elevated the suborder without change of name to the lank ot 
order, and considered it as advanced over his Liliiflorae. 

Phylogenetically the family is perhaps closer to the Flagellanaccae (not treated 
in this work) and Commelinaceae than to others of the Fannosae. Hutchinson 
( 1934) recognized these 3 families as comprising the ("ommehnales, an order char- 
acterized by the leaves sheathing basally, the perianth of free parts in 2 whorls, 
differentiated into calyx and corolla. He considered them to have been derived from 
the Butomaceae and the Alismaceae, and credited them with having evolved fiom 
ancestral stock common also to the Xyridaceae, Friocaiilaceae, and Bromeliaccae 

LI r KRAI LIRE 

PiLGhR, R. Mayacaccae. In Engler and Prantl. Die natiulichen Ptlanzenfanulicn. ed 2, 
1 5a: 33 35, 1930. 

Smiih, a C. Mayacaceae. In North Amer. Hoia, 19 I 2, 1937. 


XYRIDACEAE. YEFLOW-EYHD GRASS FAMILY 



Fig. 82. Xyriimchae. XyrLs Con^donit: a, plant in flower, X L»(», b, inflorescence, X IVi; 
c, flower, face view, X 2; d, flower, perianth expanded, X 2; c, calyx, X 2, t, ovary, 
cross-scction, X 10; g, staniinodes, between two filament bases, X 2; h, fruit, X 5. 


Small perennial or annual rushlike herbs; rootstock short and sometimes swollen 
and bulbous, roots fibrous; leaves mostly basal and tufted, sheathing, linear, terete 
or filiform; inflorescence a pedunculate, terminal, globose or cylindrical, bracteate 
head borne on a scape; flowers bisexual, zygomorphic, subtended by an involucre 
of stiff or coriaceous, imbricated bracts, each flower in the axil of an intcrfloral 
bract; perianth of 2 series, the calyx of 3 (or occasionally 2) sepals with the 
2 lower (posterior) ones cymbiform, keeled, and chaffy, the inner sepal mem- 
branous and forming a hood over the corolla prior to anthesis, the corolla usually 
actinomorphic, marcescent, usually gamopetaloiis, the tube long oi shoit and 
terminated by 3 uniform spreading lobes, usually yellow; stamens 3, often adherent 
to corolla, opposite corolla lobes and sometimes alternated with 3 (often bifid, 
plumose, or bearded with moniliform hairs) staminodes, the anthers 2-cellcd, 
extrorse, dehiscing by vertical slits, the filaments distinct and epipefalous, usually 
short and flattened; gynoecium of a single pistil, the ovary superior, unilocular (or 
imperfectly basally trilocular), 3-carpelled, the placentae 3 and parietal, or 1 and 
basal, or 3 and free-central, the ovules few to many (rarely reduced to 1 ) and 
orthotropous, the style usually 1 and long, or 3-branched, the stigmas 1-3 and 
linear; fruit an oblong 3-valved loculicidal capsule, enveloped by the persistent 
corolla tube; the seeds mmute, usually apiculate, mostly striate, with copious mealy 
or fleshy endosperm and small apical embryo. 
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A fam/ly of 2 genera. Xyri\ M9{) spp. ) occurs from New Jersey southward into 
tfi)pics and subtropics of North America and in tropics and subtropics of South 
America, Afric.i, and Australia I he genus is not known in Huiope or continental 
Asia. (9 10 spp) is restricted piimarily to tropical South America 

Abriil 19 species of Xyns (of the section hitwns, chai acterized by the ovary 
1 -celled with 3 pariet.il placentae) occur in this country, extending fiom New- 
foundland south along the Atlantic coast to Florida, westwaid to Texas, and inland 
along tile St Lawiencc River into the Great l.akes to Lake Superioi The pKinls 
aie to be found typically in sandy soils of shallow saline or brackish waters, fresh 
w<iteis of hoi's, open swamps, and low moist sandy grounds and roadside ditches 
A few species aie true aquatics and grow in swifl-dowing streams 

The family is perhaps more closely related to the Mayacaccae, Hriocaulaceae, 
and ( ommcl naceae than to others in the oidei. Hutchinson placed it (togethei 
with the Rapataceae, not in this treatment) in a separate order, the Xyridales, and 
considered ihem to represent, by reduction, an advancement over his Commelinales 
(cf. under Mayaceae), pointing out that the Xyridales were the “Composilae" of 
the rnonocols. Hclitor*' of the N(trth Anieruan fiom placed it in an order called 
Xyridales which, unlike the Xyiidales of Hutchinson, was treated to compiise also 
the Mayaceae, F>iocaulaceae, Pontederiaceae, and Bromeliaceae. 

F'conomically, the family is of little importance. Two species of Xyns are used 
in aquatic gardening and aquaria. 

/ lltRAlVRh 

Maiaii, (i O. A. Xyridaccae. In Englci and Prantl, Die naturlichen Pflanzenfamilien. 
ed 2, 15a- .35 19.M). 

Xyiidaceae In North Amci Flora, 19: 3 15, 1937. 


KRIOCAHLACEAE. PIPEWORT FAMILY 



Fig. 83. f: Kio( Aiii A( I Ai hnoiault)n tomptessum: a, plant in flowei, X ‘/b, b, inflorescence 
habit, ' 2. e, pisiillate flowei. habit, ' 6, d, staminate flowci. habit, X 6, e, pistillate 
flowei, Neitical section, > b, t, ovaiy, cross-section, / 15; g, anthei, X 15, h, trim, 10. 


Mostly small perennial herbs (rarely annuals) of cespitosc habit, and of aquatic 
or marsh habitats, acaulescent or nearly so, roots fibrous; leaves mostly linear, basal, 
grasslikc, usually crowded, often pellucid, sometimes membranous: plants usually 
monoecious or rarely dioecious; inflorescence a small head subtended by an in- 
volucre of bracts and borne eapitately (the heads solitary or in umbellate aggre- 
gates) on an erect, slender, often scapo.se peduncle that usually much exceeds the 
leaves and is sheathed basally; flowers unisexual, regular or rarely irregular, small 
to minute, numerous, sessile to shortly pedicellate, on a variously shaped torus or 
receptacle, each flower usually borne in the axil of a scarious, scalelike, colorless 
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or colored bract; when plants are monoecious the staminate and pistillate flowers 
either mi\ed within the inflorescence or the staminate in center and pistillate on the 
periphery; when dioecious the flowers of an entire head (and plant) of one se\ oi 
the other, perianth (pcrigonium) chaffy (scarious) or membranous, rarely hyaline, 
in 2 series but not differentiated into conventional calyx and petaloid corolla, but 
rather the 2 series distinct, 2-3-merous. the outei series (calyx) fiee or the segments 
coherent, the inner senes (rarely absent) often stipitate and infiindibulai or cupular 
(by some authors this perianth is interpreted to be an involucre); stamens as many 
or twice as many as outer pciianth segments (rarely fewer) and alternate with them, 
inserted on corolla (when present), the anthers 1-2-ceIled, introrse, dehiscing by 
vertical slits, filaments distinct and slender, the staminate flowers often with vestigial 
gynoecium (pistillodium) present; pistillate flower umpistillate, the ovaiy 2 -3-loculed, 
superior, each locule with a single pendulous orthotiopous ovule, the placentation 
axile, the style 1, teiminal, with as many blanches as ovary liKules, each branch 
simple or forked, staminodes raiely present; fruit a membranous 2 3-celled, 2 3- 
seeded loculicidal capsule; embryo minute and apical. 

A family of 12 genera and about 1 110 species occuiiing primarily in bogs and 
along wet shores of the tropics, with a few members extending into temperate 
regions of both hemispheres. South America is the epicenter of disti ibution, with 
1 genus occurring only in West Africa and Madagascar Ihree genera occur in this 
country. Enocaulon (about 370 species) is represented by 8 species which extend 
north from Florida to Newfoundland and west to Texas and Minnesota. Svr ’onan- 
thus, having 177 species of tropical America, is represented by a single invading 
^pecics {S. flaviihdus) that extends northward along the pine ’ arren areas of the 
coastal plain from Alabama to North Carolina. Lachnocaulon, a small tropical 
American genus of 10 species, extends noithward along the coastal plain from 
Texas to Virginia. The family is not represented in western United Stales. The in- 
florescences of a few species of Sviifionanthus arc sold as “evei lasting” flowers 
for decorations. 

Engler and Diels (1936) tieatcd these families (Mayacaceae, Xyridaceac, and 
Friocaulaceac ) along with others not represented in this country ( Rcstionaceac and 
Ccntrolepidaceae) as comprising the subordei Fnantioblastac (cf. discussion under 
Mayacaceae). Hutchinson placed them in 3 different but closely related orders, and 
considered the Friocaulaceae as sufficiently apart from the others to be elevated 
to a separate order ( Hriocaulales), and advanced over his Xyridalcs, on the basis 
of flowers always unisexual (an advancement over flowers often bisexual) and the 
ovules reduced to 1 per carpel. 

LITERATURE. 

MoLDtNKh, H N. Eriocaulaceae In North Amcr. Flora, 19. 17 50, 1937. 

. The known geographic distribution ot the members of the Friocaulaceae, to- 
gether with a check-list of scientific names proposed in the gioiip. Pnvalely printed. 
New York, 1946 

. The known geographic distribution of the members of the Verbenaceac, Avicen- 

niaceae, Stilbaceae, Symphoricacaea, and Friocaulaceae. Privately printed New 
York, 1949. 

Ruhland, W. Friocaulaceae. In Fngler and Prantl, Die naturlichen Pflanzenfamilien. ed 
2, 15a: 39 57, 1930 

BROMELIACEAE. PINEAPPLE FAMILY 

Mostly short-stemmed herbaceous epiphytes (terrestrial in Pitcairnioideac); 
leaves mostly basal and rosjtte-forming, rarely cauline, spirally alternate, mostly 
stiffly lorate, often spiny-serrate and troughlike (entire in Tillandsioidcac and 
t'th?rs), sometimes coarsely grasslike or linear to filiform and then flexuous, covered 
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wholly or in part by minute peltate scalelike hairs appearing scurfy, often basally 
colored reddish or purplish, the base sheathing; inflorescence a terminal head, spike, 
raceme, or panicle, the flowers in axils of often brightly colored bracts (soli- 
tary and pseudolateral in Tillamista usneoUics)' flowers bisexual or rarely func- 
lionaliv unisexual, actinomorphic or weakly zygomorphic, perianth of 2 series, 
the outer series of 3 herbaceous calyxlike segments (sepals) and the inner of 3 
corollalike segments with petals free or variously connate, often brightly colored, 
in some gioups with scales or prominent nectaries within; stamens 6, often borne 
on the coiolla (not so in many Tillandsioideac), often at the base of the petals, 
free or adnate to them, distinct or the filaments basally connate, the anthers 2-celled, 
linear, usually versatile, dehiscing intiorsely by vertical slits, distinct, the pollen 
grains pioviding good diagnostic characters (may be grooved, marked with pores or 
smooth); pistd I, the ovary superior to inferior, 3-loculcs, with ovules usually 
numerous in each, the placentae axile and sometimes bifurcate, the style 1, the 
stigmas 3, sometimes spirally twisted; fiiiit a berry or capsule, often more or less 
enveloped by the persistent perianth, sometimes (in Ananas) syncarpous, seeds 
with copious mealy endosperm and small embryo, naked, sometimes winged or 
caudate, or with a plumose pappuslike appendage. 



Fig. 84. liKoMi I I \c 1 Ai A, I illaiulsut usneoulcs Aa. Ilovvering braneh, • ' 2 , Ab, pan of 
a tlovvci, ■ r IL \t‘ilinica poh s((u h\a Ba, plant in flower, • ' n., Bb, flower, '' ' 2 , 
Be slij»nia, ' 2, Bd. ovary, veitieal 'ection, ^ 1, Be, ovary, cross-section, - *2 C. 
Itilllu'i \ini nutans C'a. plant in IlDwei. - ' i", C'b, flower, ' * 2 . (from L H Bailey, 
Manual of lultnatcd phutts, I he M.icniillan ( onipany, 1949. Copyright 1924 and 1949 
bv 1 ibeilv II Bailey ) 

A tamily of 45 50 genera iind about 1800 2()()() species of tropical to warm 
temperate America, extending from eastern Virginia south and west to Texas and 
aeioss northern Mexico southward to centnil Aigentina and ( bile. It is the largest 
family of seed plants almost wholly indigenous to the New World (except for 
Pthaunia Ivluiana, native m French West Africa). Tillandsia is the most widely 
distributed, extending south into Aigentma and north into Virginia Four genera 
are reported by Smith ( 1938) to be represented within the United States: Hechtia 
with 3 species m Texas, and the remainder largely in F\ork\'d~C! n: mania with a 
single indigenous species, Catopsis with 2 species in southern Florida, and Til- 
landsia with 12 species of which 1 (T. n.sneoidcs) extends north into Virginia and 
westward along the Gulf of Mexico into Texas, another (T. Baileyi) is restricted 
to southern fexas, a third ( T. rccurvata) extends westward from Florida into 
Texas and occurs again in Arizona, and the remainder are limited to Florida or 
extend into more southerly extiaterritorial ranges. Small ( 1933) treated Tillandsia 
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iisneoidcs and T. rcciirvatit as monotypic genera {Dcndropoiioti usmundt s and 
Di(iph()Kintlu>/na rciur\ata lespectively ), a view rejected by Smith and othei 
syslematisls 

rhe family was divided by Harms (1930) into 4 siibfamdies. The 34 genera 
whose flowers have an inferior ovary and the fruit a berry were placed in the 
Bromclioideae; the remaining 25 genera (with flowers having a superior oi half 
inferior ovary and capsular fruits) constituted the other subfamilies, with the 
genus Navid, comprised of terrestrial plants whose seeds are neither winged noi 
appendaged, treated as the Navioideae, but now considered an extrenu of the 
Pitcaiineae The 12 geneia whose seeds have long plumose appendages compiised 
the 1’illandsioideae, and the lemaimng 12 genera, with seeds winged r>i non 
plumosely tailed comprised the Pitcaiimo deae I he Bromeliaceae aic best dis- 
tinguished by the piesence of multicellular or stellate scales or haus, and compiise 
a natural assemblage of genera character i/ed also by their often epiphytic habit, the 
usually stiff leaves often colored basally, the usually colored floial biacts, the 
heibaccous calyx, and the versatile antheis. 

Phylogenetically the family was interpreted by Hutchinson (1934) to “repiesenl 
the climax of a line of descent wherein the calyx and coiolla have remained distinct 
or fairly distinct from each other, a feature ret.iined from the Dicotyleilonous 
slock " He treated it as related to, but more advanced than, the C'ommelinales, and 
separated it as an order by itself, the Biomcliales. Smith (1934) consideieil the 
strongest aflinities of the family were with the Rapataceae (not treated in this text) 
and that both families piobably arose from a common anceslr.d stock He fuithci 
considered the Bromeliaceae to be the most primitive members of the 1 armosae. 
Within the family, Pnva ( Pitcaii nioideae ) was treated by Smith as probably the 
source of ancestral types from which the other subfamilies developed. Ihltcndiigh 
(1948) regarded the 3 subfamilies as separate derivatives of a common ancestor 
(presumably extinct and unknown), and indicated that while Pnya may he the 
most primitive of living genera, the Tillandsioideae are not derived from it nor 
closely related to it. 

Kconomically the Bromcliad family is of most importance for the edible pine- 
apple (Aminas comosns), while the leaves of the same plant arc the source of 
fiber used m weaving Pina cloth. The dried stems and leaves of Spanish moss 
(Tillandaa inneoidcs) are used in upholstery under the trade-name of “veget.ible 
hair.” Some species arc important in tropical America as sources of cordage and 
fiber for fabrics (as caroa from Neof^laziavia vancfiuta of Brazil, and pita lloja 
from Acchnica Ma^dalcnac oi C entral America to Colombia). About 20 genera 
are grown as ornamentals under glass and in the open in near frost-free regions; 
notable among them are Billhei^*ia, Acthmea, VriesUi, Nidulannni, Pitcainua, Pnva, 
(iiizmania, and Tillandsia 

LI r PR AT URL 

Harms, H. Bromeliaceae. In Hngler and Prantl, Die naturlichen Pflan/enfamilien ed 2. 
15a: 65 159, 1930 

I.iNDs,.HAU, M. Beitrage zur Zyfologie der Bromeliaceae Planta, 20. 506 530, 1933. 

Miz, C Bromeliaceae In Rngler, Das Pllan/enreich, 103 (IV 32). 32 100, 1935. 
PiiiLNDRiGH, C. S. The Bromeliad-Anophcles-Malaria complex in Trinidad. I, The 
bromeliad flora Evolution, 2. 58 89, 1948. 

ScHui^rhS, R. E. Acthmea Ma^dalcnae and its utilization as a fibre plant. Bot. Mus. 
leafl Haivard Univ 9 117 122, 1941 

Smiih, L. B. Cieographical evidence on the lines of evolution in the Bromeliaceae. Bot 
Jahrb. 66- 446 468, 1934. 

. Bromeliaceue In North Amer. Flora, 19: 61 228, 1938. 

. Notes on the taxonomy of Ananas and Pseitdananas Harvard Univ. Bot. Mus 

Leafl. 7: 73 81, 1939. 
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COMMELINACEAE. SPIDHRWORT FAMILY 



EIk. 85. C» )MMNiNA(iAi A, I nt (lest an tut \in'itiuina. Aa, inHoicsccnce. 'm, Ab, flowci, 
^ Ac, stamen, / 1, Atl, dvary, ctoss-section, ' Ae, ovary, vertical section, 3 
H, ( omniclutu coclestis: Ba, flowei, * I, Bb, fertile stamen, - 4, Be. staminodium, / 4 
C, Rhttett ilisiolof flowering plant, ‘h (Fiom I. H Bailey, Manual oj Lulti\ated 
plants. The Macmillan Compan>, 1949 Copyiight 1924 and 1949 by I iberty H Bailey ) 

Siiwcnlcnl peicnmal ()r annual herbs, acaiilesccnl or with nodose stems, roots 
fibrotis or sometimes much thickened and liibeilike: leaves alternate, flat or trough- 
like, entire, parallel-veined, sheathing by a basal membranous and often closed 
sheath (petiole); inflorescence terminid, terminal and axillary, or less often axil- 
lary, a simple or compound helicoid cyme oi thyrse, or the flower solitary, some- 
times subtended by a boat-shaped (cymbifoini ) spathe or foliaceotis bracts: flowers 
usu«dl> actinomorphic, or in some genera zygomorphic, bisexual, the perianth of 2 
senes, the outer one a green herbaceous calyx of 3 usually free and imbricated 
herbaceous sepals (laieh gamosepalous and rarely the sepals petaloid), the inner 
one a coloied mostly ephemeral and deliquescent coiolla of 3 free equal or unequal 
petals raiely united into a slender tube, the thud petal sometimes much reduced; 
stamens topically b hut often the fertile ones rx'diiced to 3 by abortion (aborted 
stamens leduced to stamiiiodes ) or rarely 1 stamen functional (no staminodes in 
Callisui), h>pogvnous, the anthers with 2 parallel or divergent cells, dehiscing by 
longitudinal slits or (in Pu httrisaiuiia) by an apical poie, the filaments distinct 
(raiely are some connate), often bearded with colored moniliform hairs, pistil 1, 
the ovaiy superior, sessile oi stipitale, 3-loculed (raiely 2), the ovules 1-few 
pel cell and oithotiopous, the placenlation axile, style 1, stigma 1 and capitate or 
3-rid: flint a loculicidal capsule, sometimes enclosed by fleshy sepals, rarely fleshy 
and indehiscent ( pergamentaceous ) ; seeds with a puncliform to linear funicular 
seal, usually netted, muiicate, or iidged (aiillatc in Duhotisuncim), the endosperm 
copious and mealy, the embiyo situated beneath a conspicuous disci ike callosity 
(embi\oteg.i ) on seed coat 

A familv of largely tropical and subtropical plants, leprescnted by 37 genera (9 
monotvpic) and about bOO species distributed over the warmer parts of the earth. 
Members of the subfamily Tradescantieae (flowers regular) are most abundant in 
the New World, whereas those of the subfamily Commelineae (flowers /ygomor- 
phic) are of greatest frequency in tropical Africa. The largest genera arc Aneilema 
(70 spp ), Muidannia (50 spp ), Cvanoii.s (50 spp ), and Tnuicstantia (34 spp.). 
In the United Stales the family is represented by 4 genera with indigenous species 
{1 Kule.st antia 20 22 spp, Callisia 1 sp , Trtpo^andra 3 spp, and Com/nelina 
8 9 spp ) and 3 genera now naturalized in the southeast from Central America 
and the West Indies {Rlmat, Zchnna, and Aneilcma) . Smalfs segregation of some 
soutliCiistern species of Vracic scant in under Trmiescantclla and Cnthhertia was 
taxonomically accepted by Wt>odson (1942). but for nomenclatural reasons the 
genera are tieated under Callisia and Tripoiiandra respectively. The Commclinaceac 
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arc not represented among indigenous plants of the Pacific states and onl\ i m- 
dcsiuntm extends indigenously into Canada. 

Members of the famil> have been the subject of independent study and leclassi- 
fication by 4 recent botanists (Bruckner, 1930, Hutchinson, 1934; Woodson. 1942; 
and Pichon, 1946). No two ai rived at the same ci>nclusions or accepted the same 
ciiteria as bases for separation of groups within the family. In brief. Biucknei 
based his major subdivisions on characters of perianth and andioccia. Hutchinson 
considered those of inflorescence position and type to be of primaiy sign ticance, 
Woodson (accounting only for the American elements) accepted inflorescence type 
as of first consideration and andioecial conditions secondarily, and Pichon leclas- 
sified the genera largely on the bases of androecial. gynoecial, and peiianih chai- 
actcis in that sequence In the selection of one of these classifications over anothei, 
students should remember that the corollas of most numbers of the family aic 
deliquescent and are pooily represented in most herbaiium specimens (often lost 
entirely) and that the androecial chaiacteis piesentcd by Bruckner and Pichon may 
not be constant in all cases For these reasons the bases employed bv Hutchinson 
and Woodson seem to have the advantage of grcatci utility and const. incv. It is 
not possible to select between these last two reclassifications, since Hutchinson 
attempted to account foi all genera (pointing out need of fuithci study in scvcial 
cases) and Woodson has more thoioughly lecounted the taxonomic status of the 
New Woild mcmbeis of the family 

Most botanists are agreed (hat the family is lepiesented by 2 tubes, I'ladcscan- 
tieae and Commelineae Woodson distinguished the foimci by its “paiicd sessile 
scorpioid cymes which appear as a 2-sided unit superficially,” w'hereas in the lattci 
“the ultimate branches or units of the inflorescence are composed of individual 
scoipoid cymes which appear I-sided supei ficially.” Woodson fuithei lealigned 
seveial geneiic elements, merging Munlaimu with Ancilcmu in the ( ommelineae 
and recogni/ing Cuthhcitia as generically distinct fiom TmdcMuntui, but merging 
It and several other erstwhile segregates under the older Rafinesquian genus 

I npoi^iindra Woodson furthei treated Rot tanthem {Spmmvnui) and Tindcwitn- 
tcllci, as congeneric with the lannaean genus ('alhsia. Pichon both rccl.issified and 
redefined the family, separated from it the Australian Cartoncma as C'artonemaceae, 
and considered the Commclinalcs of Hutchinson to be a natural grouping com- 
posed of the Mayacaceae, C'ai tonemaceae, C'ommelinaceae, and blagellariaceae. 
He leLOgm/cd C'ommelinaceae to be composed ()f 39 gcnei i (4 described as new) 
wh’ch he placed in 10 tribes. 

Phylogenet.cally the C'ommelinaceae have, in common with othei membeis of 
the barinosac, the characters of mealy endosperm and the peiianth diffcientiation 
into corolla and calyx. Hutchinson treated them (along with the M.iyacaccae and 
blagellariaceae) as comprising the C'ommclinalcs, an order interpreted by him to 
have been derived from both the Butomales and Ahsmatales and consideied ad- 
vanced over each by the compound ovary (vice a gynoecium of seveial pistils). 
As noted under Biomeliaceae, Hutchinson consideied the latter family to have been 
derived from his C'ommelinalcs. 

I'x jnomically the family is of little importance except foi a few members of 

II 12 genera grown to a limited extent as garden ornamentals. Notable among 
these are species of Tradcsi antia, Commclnm, Rhoeo, /.('hnna, Cyanotis, ! mantia, 
and Callisui {Spitoncnui) . 

LUhRAlURh 

Avdi RsoN, H. and WoonsoN, R H The species of riadcsianlKi indigenous to the 
United Stales Conti Arnold Arb 9. 1 132. 19^*^ 

Ani>»kson, E and S\x, K A eytological monograph of the American species of TnuU‘\' 
cantia. Bot. Cia/. 97: 433 476, 1936. 
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. C ommelinaceac. In Engler and Prantl, Die naturlichen Pflanzenfamilien. ed. 2, 15a: 

159 181, 1930. 

Clark.! , C. B. Commelinaceae. In de Candolle, Monogr. Phan. 3: 113-324, 1881. 
IIuiriiiNSON, S. Commelinaceae, in The families of flowering plants. II. Monocoty- 
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Bot. Club, 43: 96 111, 1916. 

PicHON, M. Sur ies Commelinacees. Notulae Systematicae | Paris], 12: 217 242, 1946. 

I Includes keys to tribes and genera and 3 new gcneia in the New World.) 

Tharp, B. C. CommeUnantia, a new genus of Commelinaceae. Bull. Torrey Bot. Club, 
49: 269 275, 1922. Icf. also op. ut , 54: 337 340, 1927.] 

Woodson, R. E. Commentary on the North American genera of Commelinaceae. Ann. 
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PONTEDERIACEAE. PICKEREL-WEED FAMILY 



Fig. 86. PoNii Di RiAChAL A, Eichhottua ctassipes: Aa, plant in flower, X '/i_>, Ab, flower, 
veitical section, x Vi. B, Ponledena cotdata. Ba, plant in flower, X Vr,. Bb, flower, < 1, 
Be, ovaiy, cioss-seclion, X 10. (Fiom L. 11. Bailey, Manual of cultnatcd plants. The Mac- 
millan C’ompany, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Aquatic, mostly perennial herbs (annual only in Hydrothrix) , floating, or rooting 
in substrate; rootstock thick, short or ciceping, with fibrous roots; stems very short 
or erect and unbranched, mostly enveloped by sheathing leaf bases; leaves usu- 
ally in opposite pairs or in whorls of 3-4, with fleshy sheathing petioles or 
sessile and sheathing, the blades cmersed or floating, lanceolate to broadly ovate 
or elliptic, sometimes completely reduced, and the leaf represented by a linear leaf- 
like flattened petiole; inflorescence a raceme or panicle, usually subtended by a 
spathclike leaf sheath; flowers bisexual, mostly regular or in some genera zygo- 
morphic, with (or more often without) subtending bracts, the perianth obscurely 
2-scriate, of 6 imbricated segments, distinct or basally connate, all quite similar 
and petallike, sometimes twisted after anthesis and falling or the base thickened- 
persistent and enclosing the fruit; stamens typically 6, or reduced to 3 or 1, inserted 
on perianth, usually unequal or dissimilar, the anthers 2-celled, introrse, dehiscing 
by vertical slits or rarely poricidal, the filaments slender, free; pistil 1, the ovary 
supeiior, trilocular with axile placentae or unilocular with 3 parietal placentae, 
the ovules numerous, or solitary and pendulous, from each placenta, anatropous; the 
style 1, the stigma 1-6-lobed or 6-toothed or capitate; fruit a perfectly or incom- 
pletely 3-cclled capsule or a 1 -celled I -seeded utricle; seed ribbed lengthwise, the 
endosperm copious and mealy, the embryo small, straight, and linear. 

A family of 6-7 genera and about 28 species. All are fresh-water aquatic plants, 
distributed pantropically, a few genera extending laterally into the temperate zones 
of both hemispheres, absent in Europe and much of Australasia except in New 
Guinea and northern Australia. Of the 6 genera, Hydrothrix (monotypic) is 
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known only in Brazil, Reussia (2 spp.) is South American and principally Brazilian, 
Monochoria (5 spp.) occurs in the Old World tropics extending north through 
Asia to Manchuria and south into Australia, Heteranthem (9-10 spp.) is of the 
American and African tropics, reaching north in the New World with 4 species in 
this country (1 species extending into Canada) from Florida to Ontario westward 
to California and Oregon (Alexander treated H. duhia as Zosterella duhia, a generic 
segregate not accepted by many American botanists, but one meriting serious 
consideration as a valid taxon), Eichhomia I inch PUiropus] (5 spp.) is tropical 
American extending north probably to Florida and also in tropical Africa to Mada- 
gascar, and Pontederia (3 spp.) of the temperate and subtropic regions of the 
Americas has 2 species generally distributed over most of United States and 
southern Canada. 

The family was divided by Schwartz (1930) into 3 tribes, the first 2 Eichhornieae 
and Heterantherae) with a trilocular ovary and the third (Pontederieae) with a 
unilocular ovary. It was included as a member of the Farinosae because of its 
endosperm and embryo character. Hutchinson placed the plants in the Liliales, 
stating (p. 106), . . they appear to me to be aquatic Liliaceae, tending towards 

the Aroid type, the spiciform inflorescence having a spathelike reduced leaf (leaf 
sheath).” Schwartz also treated the family as being closely related to the Liliaceae, 
but considered the characters of endosperm, the variability and reduction in the 
androecium, and the floral zygomorphy to be of sufficient importance to also 
justify placing it close to the Commelinaceae. 

Pontederia (pickerel weed) and Eichhomia (water hyacinth) are grown to a 
limited extent as aquatic ornamentals in pools. Eichhomia, introt'uced as an orna- 
mental, has become a serious pest clogging waterways in warm regions of this 
and other countries. 

LITERATURE: 

Ai.rxANDER, E. J. Pontedenaceae. In North Amer. Flora, 19: 51 60, 1937. 

Schwartz, O. Pontederiaceae. In Engler and Pranll, Die natiirlichen Pfianzenfamihen. 
ed. 2. 15a: 181-188, 1930. 

Order 21. LILIIFLORAE 

An order characterized by Engler as with flowers typically 3-mcrous, the perianth 
2-seriate and usually undifferentiated into calyx or corolla, the stamens 3 6, the 
ovary compound and 3-carpelled (rarely 2-carpellate), the seeds with endosperm. 

The name Liliales has been applied to orders of various circumscriptions, and It 
is significant that their limits have been variously interpreted by Engler, Rcndlc, 
Wettste.’n, Bessey, and Hutchinson. Authors of American floras have usually fol- 
lowed one or another of these interpretations but in no case has there been con- 
sistency in this regard. 

The order was treated by Engler and Diels to comprise 3 suborders and 8 families 
as follows (family names preceded by an asterisk are not treated in this text): 

Juncineae Liliincac Indmeae 

Juncaccae Liliaceae Amaryllidaceae Iridaceae 

♦Stemonaceae ♦Velloziaceae 

Haemodoraceae ♦Taccaceae 

Dioscoreaceae 

Hutchinson placed all the above families (except the Juncaceae) into his Corol- 
liferae, a subphyllum that also included Engler’s Scitamineae and Microspermae, 
and reclassified their genera as comprising 22 families and 7 orders as explained on 
p. 371. Engler’s classification of families in th.s order was based largely on ovary 
Known also as the Liliales. 
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position, with the inferior ovary treated as derived from the superior. Hutchinson 
rejected this view with the statement that (p. 7) “the character of the superior or 
inferior ovary has often been stressed too much and has led to artificial classifica- 
tion ■ By this he rejected also the Bessey classification of liliaceous stocks (cf. p. 
128). Continuing, Hutchinson stated further (p. 8 ) “. . . the type of inflorescence 
IS of much more importance than the superior or inferior ovary, and the result is 
a nearer approximation of allied genera.’* 


JUNCACEAE. RUSH FAMILY 



FIr. 87. JuNCAChAfc. J uncus tenuis: a, plant in flower, X Mo; b, inflorescence, X V 2 \ c, 
flower, habit, X 5; d, perianth and androecium, expanded, x 4; e, pistil, habit, X 4; f, ovary, 
vertical section, X 9; g, ovary, cross-section, X 10; h, fruit with subtending bracts, X 6. 


RushI ke or grasslike perennial or annual herbs (or rarely shrubs), often with 
hairy roots from an erect or horizontal rhizome; stems short; leaves mostly basal, 
tufted, usually linear or filiform, grasslike and flat or terete, sheathing basally 
or reduced to sheath only; inflorescence a panicle, corymb, or head or the flowers 
solitary; flowers bisexual or if unisexual the plants dioecious, regular, the perianth 
glumaceous or coriaceous (rarely scarious), biscriate, segments 3 m each scries 
(or only I series present), not usually diflferentiated into calyx and corolla, often 
colored or greenish; stamens 6 or 3, opposite the perianth segments, distinct, the 
anthers 2-cclIcd, introrse, dehiscing by vertical slits, basifixed, the pollen grains in 
tetrads; pistil 1, the ovary superior, unilocular with 3 parietal placentae, or 
tiilocular with axile placentation or incompletely septate, the ovules 1 and basal, or 
nany and biscriate on each placenta, anatropous; the style 1, very short to linear, 
oi 3, the stigmas 3 and linear to lanceolate; fruit a 1-3-celled loculicidal capsule; 
seeds small, often tailed, with minute straight embryo enclosed by fleshy endosperm. 

A family of 8 genera and about 315 species largely of temperate regions of 
the southein hemisphere. It is absent or rare in the tropics. Six genera, represent- 
ing a total of only 10 species, are restricted to the southern hemisphere. The genus 
J uncus (225 spp. ) is of world-wide distribution, with most species in the northern 
hemisphere and about 90 vdthin the United States and Canada. The eighth genus, 
IjizuIu (80 spp.) likewise is largely one of the northern hemisphere, with about 
10 species indigenous to this country. 

The Juncaceae are a very old family, reportedly extending through the Tertiary 
and back into the Cretaceous. There are differences of opinion as to its ancient 
centers of origin; by Buchenau it was placed in the mountains of Eurasia, by Vier- 
h'apper in the Old World tropics, and by Weimarck it was considered as probably 
having spread northward from Antarctica. The family has been treated generally 
as allied to the Liliaceae, either as ancestral to it or as derived from it. Many 
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stamens 3 or less commonly 6, distinct, the anthers 2-celled, dehiscing by vertical 
slits, introrse; pistil 1, the ovary inferior, half inferior, or nearly superior, the 
locules and carpels 3, the placentation axile, the ovules solitary to numerous, the 
style 1 and usually filiform, the stigmas (or lobes) 3; fruit a loculicidal 3-valved 
capsule. 

A family of 9 genera and about 35 species, largely confined to Australia {Haemo- 
dorum 20 spp. ), South Africa {Barheretta 1 sp., Dilatris 2 spp., Wachendorfjia 5 
spp., Pauridia 1 sp.) and South America {HasenhachUi 1 sp., Schiekia 1 sp.) with 
1 monotypic genus {Lachnanthes) extending northward in this country along 
the Atlantic coastal plain from Florida to Cape Cod. 



Fig. 89. HAhMODORAcrAh. Lachnanthes tinctoria: a, plant in flower, X Vio; b, infloicscencc, 
X ‘/ 2 ; c, flower, habit, X 4, d, flower, vertical section, X 4; e, ovary, cioss-scction, X 4; 
f, fruit, X 3. 

There is disagreement among phylogenists as to how much or how little this 
family embraces. The above follows Pax’s latest treatment (1930). By Bcntham 
and Hooker and Gray’s Manual (cd. 7) the monotypic Lophiola (New Jersey to 
Florida) was included within this family, but by Pax it was treated as a member 
of the tribe Conostylideae of his Amaryllidaccae. Hutchinson transferred the 
Conostylideae (which included Lophiola) to the Haemodoraceac with the observa- 
tion that (p. 164) “thus constituted ... the family is natural and homogeneous, 
not only in its jacies but in its general distribution, which is predominantly 
austral, and mainly in Australia, with a few representatives in S. Africa and S. 
America.” As reconstituted by Hutchinson, the family would be composed of 16 
genera and about 93 species. 

The family is of no known domestic economic importance. 

LITERATURE 

Pax, F. Hacmodoraceae. In Engler and Prantl, Die nalui lichen PfTanzenfamilien, ed. 2. 

Bd. 15a: 386 391, 1930. 

AMARYLLIDACEAE. AMARYLLIS FAMILY 

Perennial mostly scapose plants; rootstock a rhizome, bulb, or corm; leaves mostly 
linear or lorate and basal (rarely cauline) or sometimes (in Agavoideae) fibrous, 
rigid and ensiform; inflorescence mostly umbellate, racemose, or paniculate, and 
sometimes reduced to a single flower; flowers bisexual, regular or infrequently 
zygomorphic, the perianth of 6 segments in 2 series, sometimes gamophyllous and 

Treated by Small {Manual oj the Flora of the Southeastern Staten) as the Leuco- 
jaceae, a name given it by Batsch (1802). The conserved name Amaryllidaccae originated 
with Lindley (1836) 
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in some genera (Narcissus) bears a crown or corona; stamens 6. inserted on 
the perianth, the anthers 2-ceIled, dehiscing by vertical slits or rarely by terminal 
pores (Galanlheae), usually introrse or sometimes extrorse, versatile or occasionally 
basifixed, usually distinct but sometimes the filaments connected basally by a 
corolliform vclamen (staminal corona);^® pistil 1, the ovary inferior, or rarely 
half inferior to superior, trilocular (unilocular with basal placentation in Cn/o- 



FIr. 90. Amaryi LiDACF AK. A, H] uwnocallis mircissiflour. Aa, plant in flower, with bulb, 
> '/M, Ab. flower, face view, X ‘o; Ac, same, veitical section, X Ad, perianth section, 
showing coiona, 'u; Ac, style lip, with 3-lobcd stigma, x 5, Af, ovary, vertical section, 
X 1, Ag, ovary, cioss-section, X Pz. B, Zeplnumihes i^nindifioia: Ba, plant in flower, less 
bulb, X •/»; Bb, flowei, habit, X V 2 : Be, same, veitical section, X '/ 2 ; Bd, style tip and 
stigma, '< 4, Be, ovaiy, veitical section, X 3, Bf, same, cioss-section, X 3. C, Coopena 
peduncuUita: Ca, plant in flower, a ' 4 ; Cb, bulb, X U, Cc, flowei, habit, with spathe 
valve, X •>; Cd, same, vertical section, X ‘' 2 ; Ce, ovary, vertical section X 2; Ct, same, 
cioss-section, X 3. (c coiona, p.s. perianth segment ) 

stemma), the placentation axile or the anatropoiis ovules paired and collateral and 
seemingly basal (ovule 1 in Clwananthus), the style 1, the stigmas 3, or 1 and 3 
lobed, or capitate; fruit usually a 3-cclled capsule, or a berry (as in Clivia, Crypto- 
stephanus, ffacmanthus)’, seeds mostly several to many per locule, the endosperm 
present and fleshy. 

*** In the Zephyranthcae and Amarylleae there is a corona of perianth origin, usually 
consisting of scales 01 timbiiae (sometimes tubular as in Placea). 

In some genera the androecial corona is represented by an indistinct or distinct 
tooth at either side of the filament base (Urceohnia, Vagaria) or by membranes that 
arc only shoitly united {Eurycles). 
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As here defined (sensu Pax), the Amaryllidaceae are a somewhat heterogeneous 
family of 86 genera and about 1310 species, subdivided into 4 subfamilies (Amaryl- 
lidoideae, Agavoideae, Hypoxidoideae, Campynematoideae). The subfamily 
Amaryllidoideae (about 55 genera) is characterized by the plants bulbous, and 
the inflorescence an umbel (sometimes reduced to a single flower) subtended by 
1 or more spathaceous bracts. It is generally accepted as composed of 2 tribes, the 
Amaryllideae (perianth lacking a corona) and the Narcisseae (perianth with a 
corona). The subfamily Agavoideae, containing the single tribe Agaveae, is com- 
posed of 7 genera of nonbulbous plants with the leaves fibrous and the flowers 
mostly small in large panicles or racemes. The subfamily Hypoxidoideae (22 
genera) is composed of rhizomatous plants whose leaves are herbaceous and whose 
flowers are in cymes, racemes, or panicles. The 4 tribes are the Alstroemericae. 
Hypoxideae, Conanthereae, and Conostylideae. Two genera, Campynema of Tas- 
mania and Campy nemanthe of New Caledonia, compose the subfamily Campyne- 
matoideae. 

The classifications of Rendle, Wetlstein, and Bessey were essentially in agreement 
with that of Pax and Hoffmann outlined above. However, that of Hutchinson ( 1934) 
represented a marked departure from these and one that is now favored by many 
authorities as representing phylogcnctically a more realistic arrangement. Hutchin- 
son restricted the Amaryllidaceae to those members having an umbellate inflor- 
escence that is subtended by 1 or more spathaceous bracts. It is the subfamily 
Amaryllidoideae of Pax and Hoflmann plus those members of l.iliaceae, {scnsii 
Krause) possessing the same inflorescence charactei istics ( Agapantheac, Ailicac. 
Gilliesicae). Within his Amaryllidaceae, Hutchinson elevated Pax’s and Hoffmann's 
subtnbcs to the rank of tribe, recognizing each by the names accepted under the 
Engler system, except that 2 subtnbcs of the Narcisseae (Dentifcrae and Phac- 
dranassinae) are united and treated as a single tribe, the Hustcphicae. The remain- 
ing 3 subfamilies are excluded from his concept of the Amaryllidaceae and treated 
as follows: the Agavoideae were elevated to the rank of family (Agavaceae, to 
which were added also the Yuccaae, Nolincac, and Dracacncae fiom Liliaceae, 
scnsii Krause); the tribe Alstroemericae of Hypoxidoideae was raised to the Alstro- 
cmeriaceae; the tribes Conanthereae and Conostylideae of the same subfamily were 
incorporated, respectively, in the Tecophilacaceae and Hacmodoiaccac; and the 
tribe Hypoxideae (together with the subfamily Campynematoideae) was segregated 
and elevated as the Hypoxidaceae. 

The Amaryllidaceae {sensu Pax and Hoffmann) are widely distributed through- 
out the world, with the majority of their members occurring on the more level 
plains, plateaus, and steppe areas of the tropics and subtropics. Of the 86 genera, 
3 (Crinuni, Hypoxis, and Amaryllis refiinae) are in the Old and New World (the 
first 2 are pantropical), 35 in tropical America, 22 in Africa, 12 in Australasia, 10 
in the Mediterranean, and the remainder distributed in other regions. Only 1 genus 
(Lycoris) is restricted to eastern Asia, although perhaps 5 other genera have range 
extensions into the area. The largest genera, with the approximate number of 
species are: Af^ave (275), Crinitm (130), Bomarea (120), Hypoxis (90), Haeman- 
thus (60), Amaryllis [Hippeastrum of authors] (60), Alstroemeria (60), Zephy- 
ranthes (60), and Narcissus (43). Twenty-two genera are treated as monotypic. 

The family has relatively few representatives in much of this country; they num- 
ber 8 genera and about 66 species. Small (1933) recognized 7 genera (Aletris, 
Hypoxis, Manfreda, Agave, Zephyranthes [as Atamasco], Crinum, Hymenocallis) 
represented by 38 binomials, as occurring in southeastern United States, and treated 
the family nomenclaturally as the Leucojaceae. Of these, Aletris with a half- 
inferior ovary, was placed in Liliaceae by Krause and by Hutchinson. Only 
Hypoxis is represented in the northeast and by a single species, although Zephy 
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ranthes Atamasco occurs as far north as Virginia and Manfreda virginica 
(Agave virginica) to Virginia and Maryland. In the central states Cooperia ex- 
tends from the southwest into Kansas, and Hymenocallis into Missouri and Illinois 
and Habranthus texana is restricted to Texas. In the southwest the Agavoideae are 
well represented, while 4 species of Agave are the only representatives of the family 
in the Pacific states (about 10 spp. of Agave occur jn the southwest). 

hconomically the Amaryllidaceae contribute a large number of plants that are 
important to many activities. The agaves arc primary sources of fiber used in 
cordage, patricularly of sisal, and henequen. Cuban and Mauritian hemp is made 
from leaves of the related Fiin raea. In Latin American countries extensive acreages 
of Agave are grown as the source of the sugary exudate used as the basis for the 
distilled ginlike liquors mezeal and tequila. Pulque is a fermented beverage from 
the same source. Flour is made in Chile from roots of Ahtroemerui. Aside from 
these products, the greatest domestic value of the family is among its ornamentals, 
which are represented by about 45 genera and perhaps 500 species. The belter- 
known ornamentals are in Narcissus, Amaryllis, Briuisvigia, Agave, Galanthus, 
l.eNcojitm, Crinum, Serine, Hymenocallis, Zephy ranthes, Cyrtanthus, and Lycoris, 

UrLRATLIRE: 

Baki r, J. Ci. Handbook of the Amaiyllidcae, including the Alstroemerieae and Agaveae. 
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all species known at that time. | 
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bi 83: 486, 1938. 

BKA(Khii, A. Revision of the American species of Hvpoxis. Contr. Gray Herb. 69: 120- 
1923. 
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DIOSCOREACEAE. YAM FAMILY®" 



Fig. 91. Dioscoreacfai'. Dioscorea liaunas: a, habit, staminalc branch in bud, X ‘/2; I, 
siaminate flower, X 5; c, pistillate flower, v 5; d, ovary, cioss-seclion, X 20; e, fruit, X V^. 
(From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Libeity H. Bailey.) 

Climbing or twining herbs or shrubs, from a tuberous rhizome or much-thickened 
woody caudex; leaves alternate or rarely opposite, entire or palmately lobed or 
divided, mostly arrow-shaped with cordate bases, the venation mostly palmate- 
reticulate with each of several primary veins extending to apex, petiole usually 
jointed basally or twisted; inflorescence a spike, raceme, or panicle; flowers usually 
unisexual (bisexual in 4 Old World genera) and plants then generally dioecious, 
with regular, small, and inconspicuous flowers; perianth spreading or campanulale, 
of 6 parts in 2 series, usually basally connate and the structure then 6-lobed; 
staminate flowers with 6 stamens in 2 whorls with inner one sometimes reduced to 
3 slaminodia, the anthers basifixed, extrorsc or introrse, 2-cellcd, the cells confluent 
or contiguous, dehiscing vertically, the connective occasionally much proliferated 
or appendaged, filaments distinct or briefly connate, a rudimentary pistil present 
or absent; pistillate flowers with single pistil, the ovary inferior, trilocular, the 
placentation axilc, the ovules 2 to numerous in each cell, superposed and anatro- 
pous, the style 1 oi more, the stigmas 3 or each 2-parted, the stam inodes 2 or 
none; flowers when perfect have characters representing the combination of both 
sexes; fruit a capsule (often 3-winged) or berry; seeds sometimes winged, with 
endosperm. 

A family of 10 genera and about 650 species divided into 2 tribes (Dioscoreae, 
dioecious plants with unisexual flowers, and Stenomerideae, plants with bisexual 
flowers) distributed widely throughout tropics and subtropics of the world and 
extending slightly into the north temperate zones. The largest genus is Dioscorea 
(ca. 650 spp.), most of whose species are tropical American. All but 3 of the 
other genera are of the Old World. Only Dioscorea occurs indigenously in this 
country, represented in the south by perhaps 6 species, 1 of which extends as far 
north as Ontario and Minnesota. 

The Dioscoreaceae are interpreted by most American authors more conserva- 
tively to be of not more than 200 species. The most recent monographic treatment 
by Knuth (1930) recognized Dioscorea to be composed of about 600 species and 
distributed among 60 sections, and many species have been described subsequently. 
Hutchinson treated the Stenomerideae as 3 separate families, the Stenomeridaceae, 
Trichopodaccae, and Petermanniaceac. 

Phylogenetically the family is derived from the Liliaceae and, except perhaps 
for Petermannia (which Hutchinson allied with the Alstroemereae) are a closely 

The name Dioscoreaceae has been conserved over other names, including Tama- 
caceae, used by J. K. Small (1933). 
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knit group. The netted-veined leaves, inferior ovaries, and usually unisexual flowers 
represent advancement over the liliaceous ancestors. 

Economically the family is important as a source of several food plants, notably 
the yams of eastern commerce {Dioscorea Batatas), a very important article of 
food in the Far East. Shoots of the Mediterranean Tamils communis are eaten like 
asparagus. Both are cultivated in the southern regions of the country and another 
species of Dioscorea (the cinnamon vine) is grown for ornament. 

IJTERAIVRE. 

Knuiu, R. Dioscortaceae. In Engler, Das Pflanzenreich. 87 (IV. 43): 1-387, 1924. 

• . Dioscoreaceae. In Engler and Prantl, Die naturlichen Pflan/enfamilien, ed. 2, 
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Prain, D. and Burkii i , 1. H. A synopsis of the dioscorcas of the Old World, Africa 
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IRIDACEAE. IRIS FAMILY^* 

Perennial herbs or very rarely subshrubs {Witsenia, Nivenia), the roots pro- 
duced from rhizomes, bulbs, or corms; stems solitary or several from the rootstock, 
or none and the peduncled flowers acaulescent from a corm; leaves mostly basal 
and numerous, generally equitant, mostly linear to ensiform, venation parallel; 
inflorescence generally racemose or paniculate, or the flowers solitary in a few 
genera; flowers subtended individually or in clusters by 2 spathelike bracts, usually 
showy, bisexual, regular or zygomorphic (sometimes those with flowers “regular” 
have curved perianth tubes), the perianth of 6 petaloid segments in 2 series undif- 
ferentiated into calyx and corolla (although those of the outer series usually distin- 
guishable from those of the inner by color, size, or shape), all generally connate 
basally in a tube or the tube obsolete; stamens 3, representing the remaining outer 
whorl of an ancestrally biseriate androecium, situated opposite the outer perianth 
segments and often adnale to them, the anthers 2-celled, exlrorse, dehiscing by 
vertical slits, mostly basifixed, the filaments usually distinct; pistil 1, the ovary 
inferior, trilocular with axile placentation or rarely {Hermodactyliis) unilocular 
with 3 parietal placentae, the ovules few to many on each placenta (rarely soli- 
tary), anatropous, the style 1, often 3-branched, the stigmas 3, branches filiform 
to subulate or flabellate, entire or lobed or fimbriate, the style crests sometimes 
winged and petaloid, the stigmatic surface terminal or adaxial; fruit a loculicidal 
capsule dehiscing by 3 valves; seeds with copious endosperm, sometimes arillate, 
the embryo small. 

A family of 58 genera and about 1500 species, distributed over much of the 
earth except in coldest regions; the center of distribution in Africa. About 33 genera 
are restricted to the Old World (28 to Africa), 14 to the New World, and 2 
{Lihertia and Orthrosanus) are disjuncts each occurring in Chile and Australasia. 
Iris is widely distributed over much of the temperate and subarctic regions of the 
northern hemisphere. 

The family is represented in this country by indigenous species of 5 genera. Iris 
(represented by about 30 of the perhaps 225 known species) occurs over much of 
the continent and is especially abundant in the Mississippi delta region. Sisyrinchium 
(a large New World genus of 80 or more polymorphic species), is widely repre- 
sented by 25 or more species, and 2 of its sections were recognized as genera by 

The name Iridaceae is conserved over other names for the family, including Ixiaceae. 




Fig. 91 . Iridaceae. a, Gladiolus tnstis: Aa, inflorescence, X Va\ Ab, flower, X Ac, 
same, vertical section, X 14. B, Crocus susianus: plant with flower, vertical section, X Vi. 
C, Freesia refracta: Ca, inflorescence, X V 2 ; Cb, flower, vertical section, X I/ 2 ; Cc, ovary, 
cross-section, X 5. D, Ins Xiphiuru: inflorescence, X 14. E, Iris germanica: flower, X 14 
(b beard, f fall, p.t. perianth tube, sp spathe, std standard, stg stigma-branch.) F, Ins 
sihirica: capsule, X V 2 . (From L. H. Bajley, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 
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Abrams {Olsynium and Hydastyliis) . Alophia (Herhertia, Sweet not S. F. Gray), 
with 8 species distributed from Chile to Mexico, extends northward into south- 
eastern and central Texas where it is represented on the plains and prairies by 3 
species. Calydorea (a segregate of the South American Nemastylis) has 3 species 
from the eastern prairies of Texas north to Tennessee and Missouri. Eiistylis is a 
monotypic genus of Texas and Louisiana. Belamcanda cliinensis, a native of China, 
is naturalized in southeastern North America. 

The treatment by Diels (1930) followed the earlier classification of Benthani 
and Hookci, who divided the family into the tribes Sisyrincheae, Ixieae, and 
Moraeeae. 

Wettstein reclassified the genera into 3 subfamilies as follows: the Crocoideae. 
composed of the 2 genera Crocus and Romulea and characterized by the flowers 
solitary and acaulescent on a corm; the Iridoideae, composed of Diel’s Moreeae 
and Sisyrincheae (except for the Crocinae); and the Ixioideae (Ixieae of Diels). 
This subdivision has been somewhat more widely accepted by followers of the 
Engler system than has that by Diels. 

Hutchinson accepted the family essentially as delimited above, elevated the sub- 
tribes of Bentham and Hooker to the rank of tribe, subdivided the Irideae into 3 
tribes (Irideae, Mariceae, Tigrideae) and added as a new tribe (Isophysideae) based 
on the monotypic Tasmanian Isophysis which differs from all other members of 
(he family by its superior ovary, and which was treated by Diels as a subtribe of 
Liliaceae (as Hewardia). Hutchinson considered the Sisyrinchieae to be the most 
primitive tribe (next to the Isophysideae) and to represent the stock from which 
the Aristcae, Cipureae, Irideae, and Ixieae have been derived. He considered the 
Ixieae of Bentham and Hooker to be composed of 3 separate tribes: Ixieae, Gladi- 
olcae, and Antholyzeae, with the latter containing the most advanced members of 
the family. 

Phylogenetically the family was treated by Diels, Wettstein, and by Bessey to 
have been derived from the Amaryllidaceae, a view influenced largely by the 
inferior ovary being common to both. Hutchinson discounted this view, which was 
emphasized by his transfer of the superior ovaried Isophysis from Liliaceae to 
Iridaceae, and pointed out that while the Iridaceae are similar to the Amaryllidaceae 
they have been “evolved separately from the Liliaceae and on different lines; root- 
stock usually a corm; inflorescence not umbelliform; some zygomorphy in the peri- 
anth.” In addition to these considerations, Hutchinson considered the family to be 
sufficiently distinct and unrelated to other families to justify its separation as an 
order (Iridales) apart by itself.'^- 

Economically the family is of greatest importance for its ornamentals. In addi- 
tion to these, the rhizomes of several irises arc commercial sources of orris root, 
used as an aromatic flavorant in dentifrices, and the stigmas of Crocus saliva are 
collected in commercial quantities for use in preparation of saffron dye. Domes- 
tically the iris and gladiolus are among the more popular of ornamental flowers, 
and over 10,000 vernacularly named clones are in the trade. Almost all genera of 
the family contain species of potential commercial value as ornamentals, but 
notable among them are Crocus, Tigridia, Freesia, Ixia, Ant holy za, Romulea, 
Neomarica, Moraea, Nemastylis, Eiistylis, Belamcanda, and Sisyrinchium. 
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Order 22. SCITAMINEAE 

A natural order of 4 tropical or subtropical families (Musaceae, Zingiberaceae, 
Cannaceae, Marantaceae) characterized by the functional stamens 1 or 5 (6 in 
Ravenala madagascariensis) , the flowers usually zygomorphic, the leaves distichous 
or in spirals but the basal leaf sheath open and rarely closed, the ovary inferior, 
and the seeds with endosperm. Hutchinson divided the Musaceae into 3 families 
and counted the order to be composed of 6 families. 

The order is generally accepted as comprising a well-knit assemblage of closely 
related, highly advanced monocots. It was considered by Engler to represent the 
ancestral stock of the Orchidaceae. Hutchinson treated it as the most advanced ol 
his Calyciferae, or as he expressed it (p. 1 1 ), “. . . the climax of one line of devel- 
opment of the division in which the calyx and corolla have remained in separate 
whorls; often regarded as prototypes of Orchids, but here considered to be a 
parallel group . . 


MUSACEAE. BANANA FAMILY 

Mostly large herbs, often treelike in appearance and then the caudex sometimes 
semiligneous, the stout stem unbranched and usually sheathed by the petioles; 
leaves large, alternate, sometimes distichous, entire (lacerations, when present, the 
result of mechanical injury), pinnately veined, convolute; inflorescence a spike or 
panicle or sometimes capitate, subtended by spathaceous bracts that may be large 
and coriaceous or semisucculent, and sometimes cymbiform; flowers bisexual or 
unisexual (when unisexual, the plants monoecious with staminate flowers within 

Authors de.signating orders by the ending -ales quite properly name this Scitaminalcs. 
On the basis of the presence of often arillate seeds in this order, it also has been re- 
ferred to as the Arillatae. Hutchinson designated it the Zingiberales. 
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the upper bracts and pistillate flowers within the lower), each borne in the axil 
of a bract, irregular, the perianth present, of 6 parts in 2 series, the segments 
unequal in size and shape (sometimes even within the whorl), distinct or variously 
connate; stamens basically 6, one usually a staminodium and the other 5 fertile 
(Ravenala has 6 fertile stamens), the anthers 2-celled, narrowly linear, the cells 
parallel, dehiscing by vertical slits, the pollen granular, filaments distinct and fili- 
form, the staminode (when present) a small and rudimentary stamen or petaloid; 
pistil 1, the ovary inferior, trilocular, the placentation axile, the ovules solitary 
and seemingly basal in each cell or numerous and clearly axile, anatropous, the 
style 1 and filiform, the stigmas usually 3 and each sometimes branched; fruit a 
3 -celled capsule or an elongated berry; seeds often aril late, with endosperm. 



Fig. 93. MusAd'AE. A, Musa paradisiacal Aa, plant in fruit and flower, much reduced; 
Ab, inflorescence, X Vio. B, Streiitzia Reginae: Ba, inflorescence, X ^ (br bract, p petal, 
s sepal, sp spathe, sta stamen, stg stigma); Bb, single flower, X Be, same, vertical sec- 
tion (sepals partially removed), X Vi; Bd, ovary, cross-section, X 2. (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty H. Bailey.) 

A family of 5 genera and about 150 species of wide distribution in the tropics 
and present in the United States only as an escape or in cultivation. 

Winkler (1930) treated the family as composed of 3 subfamilies, Strelitzioideae, 
Musoideae, and Lowioideae. The Stretlitzioideae were divided into 3 tribes, the 
single genus in each being Ravenala (2 spp.), Streiitzia (5 spp.), and Heliconia 
(60 spp.). The subfamily Musoideae was treated as composed of a single unigeneric 
tribe to contain Musa (about 80 spp.) and the Lowioideae were likewise consid- 
ered as represented by a single tribe and the 1 genus Orchidanthera (3 spp.). 
Hutchinson (1934) raised each subfamily to the rank of family (Musaceae, Strelit- 
ziaceae, Lowiaceae), and the genus Ravenala was subdivided into 2, Ravenala 
(Madagascar) and Phenakospermum (Guianas, Brazil). 

Phylogenetically the Musaceae are undoubtedly the most primitive of the order, 
but one of the more highly advanced among monocots, as is evidenced by the 
reduced androecial conditions, inferior ovary, and the irregular flower. The pres- 
ence of pinnately veined leaves is an advanced venation among monocots, but is of 
limited phylogenetic significance. 

The family is of greater economic importance than others of the order, notably 
because of the significance of the banana {Musa) as a food and fiber plant. Many 
species of Musa are grown pantropically for their edible fruits, and the number of 
vernacular-named varieties extends into the hundreds. In some species of Musa 
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the stem pith, apex of the immature flowering spike, and young shoots provide 
sources of food. Musa textilis is grown extensively in the Philippines and the Orient 
for the fiber from the sheathing leaf bases which is woven into Abaca cloth or used 
for cordage and known as Manila hemp. About 4 species of Heliconia are grown 
as ornamentals in the south or under glass. Strelitzia reginae, the bird-of-paradise 
flower, is an important commercial florist’s crop in California and Hawaii, and is 
shipped to markets throughout the country. Ravenala madagascariensis, the trav- 
eler’s-tree (traveler’s-palm), is a flat-sided, distichously leaved ornamental grown 
in Florida and southern California as a landscape subject. 
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ZINGIBERACEAE. GINGER FAMILY 



Fig. 94. ZiNGiBLRACKAr. A, Hedvchhuu coronarium: Aa, flowering stem, X Vf,\ Ab, flower 
habit (c calyx, p petal, st staminodia, a stamen, style and stigma), X •4; Ac, anther and 
stigma (f filament, sty style, an anther-cell, stg stigma), X 1; Ad, ovary, cross section, 
X 3, Ac. ovaiy. veitical section, X 2. B. Alpifua spcciosa: inflorescence, X (Kiom 
L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copyright 1924 
and 1949 by Libeity H. Bailey.) 

Perennial herbs with creeping horizontal or tuberous rhizomes, rarely with 
fibrous roots; stems bracted and scapose or leafy and then very short or elongated; 
leaves basal or cauline, distichous, sheathing basally, alternate, sessile or petiolate, 
a ligule present at junction of blade with petiole or sheath, the blade mostly linear 
to elliptic and usually large, with closely parallel-pinnate venation with numerous 
veins oblique from midrib and strongly ascending; inflorescence a compact spike 
or open raceme, or the flowers solitary, each flower or cluster of flowers subtended 
by a usually conspicuous bract; flowers bisexual, irregular, the perianth of 6 parts, 
in 2 series, differentiated into a tubular 3-toothed or spathiform, somewhat herba- 
ceous calyx and a tubular, unequally 3-lobcd corolla (usually showy and of delicate 
texture) with posterior lobe usually the largest; fertile stamen 1, a large petaloid 
staminodium opposite it and a smaller staminodium may be present, the anther 
2-celled, dehiscing vertically, the filament distinct and mostly slender and deeply 

The name Alpiniaceae was used for this family by J. K. Small, Manual of the 
Southeastern Flora (1933), and the naturalized genus Alpinia was treated ncmencla- 
turally as Languas. 
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grooved; pistil 1, the ovary inferior, trilocular with axile placentation or unilocular 
with 3 parietal (rarely basal) placentae, the ovules many in each cell or placenta, 
the style 1, undivided, usually filiform and more or less enveloped in channel of 
filament of fertile stamen extending between the anther cells with the usually simple 
or capitate stigma protruding (in some genera the style not as above but 2-lipped 
or dentate); fruit a 3-valved, loculicidal capsule or fleshy, indehiscent, and berry- 
like; seeds with copious hard or mealy endosperm, the embryo straight. 

A family of about 47 genera and 1400 species, distributed throughout the tropics 
and subtropics, but with Costiis being pantropical and Renealmia occurring in both 
the New World and Old World. Of the remaining genera, 3 are restricted to Africa 
and 2 to Central and South America, 40 occurring only in Asia or extending south- 
ward to Australia. The family has no species indigenous in this country, but 
Alpinia speciosa is naturalized on hammocks in the southern Florida peninsula and 
Hedychium cijrtmatiun in marshes in eastern Georgia and along the Mississippi 
River below New Orleans, Louisiana. The larger genera of the family and their 
respective approximate number of species are: AlpinUi (225), Costus (140), 
Glohha (100), Amomium (90), Zingiber (80), Renealmia (70), Curcuma (54), 
Bosenhergia (50), and Hedychium (40). 

The family WaS divided by Loesener (1930) into 2 subfamilies (Zingiberoideae 
and Costoideae) with the first subdivided into 3 tribes (Hedychieae, Globbeae, and 
Zingibcrcae) and the latter with no tribes and only 4 genera. Hutchinson rejected 
the subfamilies and treated the same 4 taxa as tribes. Distinguishing characters for 
the Zingiberaceae are the piesence of aromatic oils, the ligulc, the marked differ- 
entiation of the outer perianth series from the inner, the single stamen, and the 
large usually petaloid staminodium. 

Kconomically the family is important as the source of ginger root (Zingiber 
officinale) used as a flavoring extract and as a condiment, for numerous fragrant 
oils used in perfumes, and for its ornamentals. In this country the more commonly 
cultivated ornamentals include: Alpinia, the shell ginger; Hedvehium, the ginger 
lily or torch flower; Elettaria\ Cardamon, whose seeds are used medicinally and as 
spice; Roscoea and Curcuma. 

LITBRATURE' 

Loi SI Ni R, T. Zingiberaceae. In Engler and Prantl, Die natiirlichen Pflan/enfamilicn, ed. 

2, Bd. 15a: 541-640, 1930. 

CANNACEAE. CANNA FAMILY 

Large, coarse, perennial herbs, rootstock a tuberous rhizome; leaves cauline, 
large, and foliaccous, mostly oblong to broadly elliptic, pinnatcly veined with 
prominent midrib, a petiole present and sheathing the stem, no ligule present; 
inflorescence a raceme or panicle; flowers large and showy, bisexual, irregular, each 
subtended by a conspicuous bract and short-pediceled, the perianth differentiated 
into 2 series of 3 segments each, the outer series composed of 3 herbaceous more 
or less green to purple sepals which persist in fiuit, the inner series of 3 similar 
but longer, erect, basally connate petals; apdroeciiim highly modified and com- 
prising the showy part of the flower, the stamens 6 but sometimes reduced to 4, 
all briefly basally connate, petaloid, the 3 outer ones always sterile (one sometimes 
largest, reflexed, and termed the labellum), 2 of the inner more or less connate 
and the remaining fertile but petaloid stamen free, bearing a single 1 -celled anther 
adnate to the petaloid margin near the apex; pistil 1, petaloid and usually winged 
(the two lateral weak wings sometimes interpreted as sterile stigmatic lobes), the 
ovary inferior, trilocular, multiovulate, the stigma 1 and represented by a stigmatic 
line on 1 apical margin: fruit a warty capsule dehiscing by collapse of the warty 
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pericarp: seeds with very hard endosperm, small, numerous, subglobose, tfiC 
embryo straight. 

A family of the single genus, Canna. The species are 30-60 depending on the 
interpretation. Most authors concede it to be restricted to the New World tropics, 
with centers of distribution in the West Indies and Central America, but Eichler, 
Kranzlin, Englcr, and Winkler have insisted that at least 1 and probably 3 species 
are indigenous to Africa and Asia. One species is native to the United States 
(C. fiaccidu) and extends northward along the swamps and marshes of the coastal 
plain fiom Florida into South Carolina. The West Indian C. indica is naturalized 
extensively along the coastal plain from Florida west to Texas. 



Fig. 95. Cannackae. Cattna generally: a, flowering plant, much reduced; b, flower (s «epal, 
p petal, a anther, stg stigma, st staminodia), X 14: c, flower, vertical section, X Vz; 
d, ovaiy, cross-section, X 4. (From L. H. Bailey, Manual of cuUivattd plants, The Mac- 
millan Company, 1949 Copyright 1924 and 1949 by Liberty U. Bailey.; 


Economically the family is important largely for the several species contributing 
to the ornamental canna employed prominently for tropical bedding effects, much 
of the material being of hybrid origin and treated as C. generalis. About 8 species 
are reported to be in the American trade. 

LITERATURE. 

Bailey, L. H. ( anna Gentes Herb. 1: 118 120, 1923. 

Kranzlin, F. Cannaceen. In Eiigler, Das Pflanzcnrcich, 56 (IV. 47): 1 77, 1912. 
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MARANTACEAE. ARROWROOT FAMILY 

Perennial herbs, stemmed or acaulescent, rhizomatous; leaves distichous, often 
imbricated, mostly basal or seemingly so, the blade usually linear, ovate, or oblong 
to elliptic, sometimes with one side straight and the other convex, the veins pinnate 
from the midrib and closely parallel, the petiole of 2 parts (a stalk and an open 
stem sheath), the petiole terete but also often winged and with a ligulate (or 
pulviniform) articulation at point of union with blade; inflorescence a spike or 
panicle, usually subtended and surrounded by spathaccous bracts, sometimes scapose 
and arising from the rhizomes; flowers bisexual, irregular, the perianth of 6 seg- 
ments in 2 series, usually differentiated into a 3-sepaled calyx and an irregularly 
3-lobed corolla that is basally tubular; androecium basically of 2 whorls, the outer 
whorl represented by 1 or 2 petaloid staminodes (sometimes absent), the inner by 
1 fertile stamen and 1 or 2 (when two, often connate) petaloid staminodes, the 
fertile stamen usually petaloid with a 1 -celled lateral or marginal anther whose 
filament may be apically distinct or fused with the petaloid portion, dehiscence by 
a vertical slit; pistil 3, the ovary inferior, trilocular (2 of the locules often sterile), 
the placentation axile, but the solitary ovule of each locule erect and appearing as 
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if basal, the style 1, stout, flat and twisted, lobed, involute, or apically dilated, the 
stigma 1, terminal and sometimes truncate or a depressed foveolate stylar apex; 
fruit a loculicidal capsule or fleshy and berrylike but dehiscent; seeds often arillate, 
the endosperm copious, the embryo much incurved or folded. 

The second largest family of the order, represented by 26 genera and about 350 
species, all of the tropics and subtropics and primarily plants of moist or swampy 
forest habitats. The majority of the genera (19) are tropical American, with 7 
native to Africa and 6 to Asia, the remainder being widely distributed in the Old 
World and only 1 (Thalia) occurring in both the Americas and the Old World 
(Africa). The only genus native to this country is Thalia, represented here by 2 of 
its 1 1 species; one, 7. dealhata, of ponds, streams, and swamps of the coastal plain 
from Florida to South Carolina, extends westward to Texas and Missouri, and the 
second, 7. fienicuiata, a predominately West Indian species, has its northern limits 
in Florida. One species of MaratUa (M. amtulinacea) is naturalized in southern 
Florida. The largest genera of the family are: Calathea (tropical South America, 
130 spp.), Ischnosiphon (South America, 26 spp.), CHnogyne (Africa, 28 spp.), 
Phryniitm (Old Woild tropics, 26 spp.), and Maranta (tropical America, 23 spp.). 



Fig. 96. Makan 1 AC 1 AL. A, Maranta hicolor: Aa, flowering branch, X 14; Ab, flower, X 1; 
Ac, flower, vertical section (o ovaiy, s sepal, p petal, si staminodes, a anther, sty style), 
< 2, Ad, ovary, cross-section, X 15. B, Calathea Lietzei: Ba, inflorescence, X Vi\ Bb, 
ovary, cross-section, X 15. (From L, H. Bailey, Manual of cultivated plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Distinguishing characters for the family are in the 3-sectioned leaves (sheath, 
petiole, blade) with the peculiar pulviniform ligule, the unusual androecial condi- 
tion with its several staminodes and solitary 1 -celled anther (a character common 
also to Cannaccac, but the latter family having multiovulate carpels), the 1-3-loculed 
ovary with a single, apparently basal ovule in each fertile locule, and the seed with 
curved or folded embryo. 

Phylogenists agree that this is the most highly advanced family of the order, 
as evidenced by the highly complex androecium reduced to a single stamen and that 
to a 1 -celled organ, by the reduction of the ovules to 1 in each locule, in many 
genera only 1 of the 3 locules ovule-bearing. 

Economically the Marantaceae are important as a source of food products and for 
their ornamentals. West Indian arrowroot, or maranta starch, obtained from the 
rhizomes of Maranta artuidinacea, is produced commercially in tropical America 
and is of importance in special diets requiring a readily digestible starch. Repre- 
sentatives of 6 genera are offered in the trade for ornamental uses. Among them 
are about 30 species of Calathea and 2-3 species of Maranta (much material sold 
as Maranta is actually Calathea)^ and Thalia dealbata, a popular garden aquatic. 

LITERATURE' 

Loesener, T. Marantaceae. In Engler and Prantl, Die natiirlichen Pflanzenfamilien, ed. 2, 
Bd. 1 5a: 654 693, 1930. 
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Order 23. MICROSPERMAE 

The Microspermae are an order of 2 families (Burmanniaceae, Orchidaceae) 
allegedly characterized by the flowers usually irregular, bisexual, the ovary inferior 
and tricarpellate, the stamens adherent or adnate in whole or in part to the style, 
and by the very numerous minute seeds with an undifferentiated embryo and with- 
out endosperm or the latter exceedingly scant. There are exceptions to some of 
these characters, notably as concern stamens and seeds. 

Advocates and supporters of the Engler system accept the order as the most 
highly developed taxon of monocots, a view that has lost support among many 
phylogenists. Hutchinson (1948) considered the grasses to be phylogenetically more 
advanced than the orchids. Wettstein (1935) likewise rejected the view that the 
orchids are the most advanced monocots, and treated his Spadiciflorae (palms, 
aroids, etc.) and Pandanales (Pandanaceae, Sparganiaceae, Typhaceae) as being 
the more advanced. Bessey (1915) concurred with Engler’s view that the orchids 
are the most advanced monocots. There is no unanimity of opinion on the Englerian 
view that the Orchidaceae were derived from the Burmanniaceae or even that they 
are closely related, and only by the Engler system are the 2 families held to com- 
pose a single order. Hutchinson’s views most closely approximated Englcr’s in this 
legard, for he accepted the Orchidaceae as derived from the Burmanniaceae, but 
elevated each to the rank of separate order and included 2 other small families in 
his Burmanniales. Engler’s concept of this order closely paralleled that of Bentham 
and Hooker and differed only in that the Hydrocharitaceae, placed here by Benth im 
and Hooker, were excluded by Engler and aligned with the Heliobiae. Jonker, the 
most recent monographer of the Burmanniaceae, concluded that ..ttempts to ally 
that family with the Orchidaceae were based on artificial or inconstant characters. 
The more recent consensus is that the orchids comprise an order by themselves, and 
that the Burmanniaceae are best treated as either an independent order or allied 
with the Liliiflorae. 

BURMANNIACEAE. BURMANNIA FAMILY 

Annual or perennial often saprophytic herbs, usually small, slender and delicate, 
with stems generally unbranched; rhizomatous or tuberous; leaves numerous, scale- 
like, or the lowermost sometimes linear to lanceolate, mostly basal or the upper 
ones minute, alternate, venation parallel or indistinct; inflorescence racemose or 
cymose in a bifid cincinnus, or the flowers solitary and terminal; flowers bisexual, 
act nomorphic or irregular, mostly white or bright blue (rarely yellow); the 
perianth of 6 segments in 2 whorls, all segments connate basally into a single tube 
(often modified or very diverse in form) with the outer 3 lobes valvate in bud; 
stamens sometimes 3 or 6, inserted on the perianth tube, usually conspicuous and 
sometimes with an alate connective, the filaments short or scarcely apparent; 
pistil 1, the ovary inferior, trilocular with axile placentation or unilocular with 
3 parietal (sometimes intruded) placentae, and when parietal the placentae some- 
times meeting basally, the ovules very numerous and minute, the style 1, filiform 
(in Burmannnieae) or short cylindrical to conical (in Thismicae), with 3 branches 
or lobes bearing terminal stigmas; fruit a capsule dehiscing by longitudinal slits 
circumscissilely or loculicidally, often 3-winged, the perianth remains often persist- 
ing; seeds very numerous, minute, the endosperm scant, the embryo undifferentiated. 

This is the name employed for the order by Engler and followers. J. K. Small 
(1933) substituted for it the name Orchidales, but the latter generally has been restricted 
for use (as by Hutchinson, et al.) when the Orchidaceae were treated as comprising an 
order apart by themselves. Wettstein’s Gynandreae has been used also in this latter and 
restricted sense in lieu of Orchidales. 
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The family was considered by Jonker (1938) as composed of 16 genera and 
about 125 species distributed widely throughout the tropics of the world. It is repre- 
sented in this country by 3 genera and 5 species, most of which represent northern 
ranges of elements whose distributional centers are in the West Indies, Mexico, or 
southward. Biirmannia has 3 indigenous species, one {B. flava) restricted to the 
southwestern tip of the Florida peninsula, and two {B. hiflora and B. capitata) 
extending northward from southern Florida to North Carolina and west along the 
Gulf of Mexico to Houston, Texas. Apteria is represented only by A. aphylla 
which occurs over much of the same area (north to Georgia, west to Texas), and 
Thismia americana is a little-known, very rare endemic known only from an open 
prairie near Chicago, Illinois. 



Fig. 97. Burmanniaceae. Burmannia bifiora: a, plant in flower, X Vi; b, flower, side 
view, X 7; c, flower, vertical section, X 7; d, perianth sectien with lobes and dehisced 
anthers, X 12; e, undehisced anther and appendages, X 10; f, ovary, cross-section, X 15; 
g, fruit, X 5. 

The cla.ssification of Bentham and Hooker "^has been accepted until recently by 
most authors (Engler, Diels, et al.), wherein the family was divided into 3 tribes 
as follows: Euburmannieae with 3 stamens an actinomorphic perianth and the tube 
c>lindrical, Thismieae with 6 pendant stamens an actinomorphic perianth and the 
tube oblong to obovoid, and Corsieae with 6 stamens and zygomorphic perianth. 
Schlechter (1921) monographed the Thismieae and treated them as composed of 
10 genera. Hutchinson (1934) treated each of the 3 tribes as separate families. 
Wettstein (1935) treated the first 2 tribes as comprising the Burmanniaceae and 
the third as the Corsiaceae. Jonker (1938) concurred with Wettstein’s disposition 
of the tribes and rejected Hutchinson’s recognition of the Thismiaceae on the 
grounds that there was no sharp demarcation between them and the Euburman- 
nieae, since the genus Oxyfiyne has characters common to both tribes and since 
the presence of an endosperm has been demonstrated in 2 species of Thismia, 

The family has no members of domestic economic importance, although some 
members are reported to have been used (possibly as adulterants) in the composi- 
tion of green tea. 

LITERATURE: 
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ORCHIDACEAE. ORCHID FAMILY 

Perennial herbs; terrestrial, epiphytic, or saprophytic, sometimes vinelike, the 
terrestrial with fibrous or with thickened tuberous or cordlike roots, the epiphytic 
often with the leaf-bearing stem swollen to form a pseudobulb and often with 
aerial hanging cordlike roots covered by a layer of water-absorbing tissue (vcla- 
men), the saprophytic without chlorophyll; stems leafy or scapose, of sympodial 
or monopodial growth; leaves alternate or rarely opposite or whorled, simple, 
often distichous and sometimes closely imbricated, occasionally reduced to scales, 
membranous (and then sometimes plaited), coriacecus, or succulent, usually linear, 
lorate, or ovate, or orbicular, sheathing basally with the sheath generally closed and 
enveloping the stem: inflorescence a spike, raceme, or panicle, or else the flowers 
solitary: flowers bisexual, rarely unisexual (and then the plants either monoecious 
or dioecious), zygomorphic, always bracteate, sessile or pcdiceled (the ovary often 
not tumid at anthesis and then readily mistaken for a pedicel), mostly resupmate at 
anthesis due to a 180° twist in the ovary or pedicel during development; perianth 
typically of 6 segments in 2 series, the outer series of 3 sepals that are green or 
often colored and petaloid, all similar or the median more conspicuous in size or 
coloration, mostly imbricate, the inner series of 3 petals with the central (median) 
petal (the labellum or lip) usually larger, often very highly modified as to struc- 
ture, shape and/or color and when resupinate stands in an abaxial position, this 
labellum frequently projected basally into a spur or sac with or without nectar 
within; ovary inferior, 3-carpelled, usually unilocular with 3 parietal biseriate 
placentae or in a few genera trilocular with axile placentation, <he ovules very 
numerous, minute, anatropous, the style, stigmas, and stamens variously adnatc 
into a single highly complex structure (the column or gynandrium); stamen 1 and 
terminal on the column or the stamens 2 and lateral (subtending the terminal 
stigma), each anther basically 2-celled and introrse, the pollen grains either gran- 
ular (often in tetrads) or usually agglutinated into mealy, waxy, or bony masses 
(pollinia), the pollinia 2-8 per anther, the distal end of pollinium sometimes atten- 
uated into a sterile filamentous strand (caudicle), free within each anther cell or 
more or less united to one another; staminodes often present as glandular or denti- 
form or ovate processes in 1-2 in number; stylar portion of column usually stout, 
the stigmas or stigma lobes basically 3, all or only 2 being fertile and functional (the 
2 often confluent), when the latter situation exists, the 2 laterals fertile with the 
third and terminal stigmatic lobe modified into a small, sterile, proliferated out- 
growth (rostellum) situated below the fertile and terminal solitary anther and 
between it and the usually depressed or concave fertile stigmas; in highly developed 
genera the rostellum becomes an integral part of the pollinium and then modified 
mto a viscid disc or discs (viscidia); fruit a capsule, dehiscing by 3-6 hygro- 
scopically sensitive valves which remain apically connate, the capsule opening 
medianly; seeds very abundant, minute, often fusiform, without endosperm, the 
embryo undifferentiated. 

A very large family of about 450 genera and 10,000-15,000 species, of wide dis- 
tribution over the earth in all hemispheres but most abundant in the tropics, where 
the majority of genera are epiphytes. Most of the genera of the temperate and all 
those of the arctic regions are terrestrial. When conservatively interpreted, the 
genera native to temperate and subtropical North America (exclusive of Mexico) 
are counted to be 43 and the species about 145. Of these genera, about a dozen 
are strictly epiphytic and restricted in this country to the southeastern United States. 
About 20 genera are present in northeastern North America, 36 genera in south- 
eastern United States, 17 genera in the central plains and prairie states, and 9 genera 




FI*. 98. Orchidacuae. a, PaphiopeiUlum insigne: Aa, plant in flower, X Vh\ Ab, column, 
side view, X 1; Ac, same, from below, X 1; Ad, flower, vertical section, X Yi. B, Cattleya 
I.uedtiemannicuta: Ba, plant in flower, X Ve; Bb, flower, vertical section, X Vi; Be, column 
fiom beneath, X Vi; Bd, ovary, cross-section. X 2. C, Dendrobium nobile: Ca, flower. 
X Vi; Cb, column, X 2. D, Phalaenopsis amahilis: Da, flowers, X V4; Db, flower, vertical 
section, X V'l; Dc, column, vertical section, X P/i; Dd, pollinia, X 3. (c column, f foot, 
I labellum, l.p. lateral petal, o ovary, ps pseudobulb, s stamen, se sepal, st stigma.) 
(From L. H. Bailey, Manual of cultivated plants, Th© Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Liberty H. Bailey.) 
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are credited to the Pacific coast states. The largest genera include Spirantlies, 
Hahenaria, Cypripedinm, Listera and Epidendrum. 

The Orchidaceae, as described above, are more strictly circumscribed than earlier 
authors treated them, for the Diandrae are now considered to comprise a single 
tribe (Cypripediloideae or Cypripedilineae), whereas formerly they were considered 
to include also a second and more primitive tribe named the Apostasineae; views 
to this effect were held by Bentham and Hooker, Rolfe, Pfitzer, and others. How- 
ever, Hutchinson. Schlechter, and other orchidologists considered the Apostasineae 
not to be orchids. They are a group of 3 Australasian monocot genera long con- 
sidered to be relics of primitive orchids that were ancestral to the Cypripediloideae. 
They differ from orchids in possessing an actinomorphic perianth, and an androe- 
cium of 2 or 3 distinct stamens whose filaments are free or united at the base and 
to the style. There is no column, and the slender style is terminated by a 3-lobed 
stigma. By Hutchinson (1948) they were treated as the Apostasiaceae and as related 
to his Hypoxidaceae, and especially to the tropical genus Curculigo. In his discus- 
sion of them he stated, “these are not orchids in the true sense, although they may 
indicate the origin of the larger group.” 

The orchid flower is so highly specialized and modified as to require more 
explanation than that in the formal description above. It has undoubtedly arisen 
trom liliaceous- or amaryllidaceouslike prototypes, and its complexity is more the 
product of adnation than of suppression of parts. In the flowers of most orchida- 
ceous genera there is an outer series of 3 sepals (the abaxial referred to as the dorsal 
and the other two as laterals), and an inner series of 2 lateral petals and a labellum. 
It was once thought (Darwin, Brown, Rolfe) that the labellum represented a union 
of 2 stamens of the now absent outer whorl with a petal. Anatomical studies by 
Swamy (1948) showed that no vascular tissue of staminal origin was involved in 
the labellum, and that the latter was only one of the 3 members of the inner 
perianth whorl. All orchid flowers represent a reduction from the primitive ances- 
tral type in that in the androecium (originally of 6 stamens in 2 whorls) 2 general 
conditions have developed: in the more primitive Diandrae, 2 of the outer stamens 
have been suppressed completely and the third is recognizable as a conspicuous 
staminode, while one of the inner whorl has been completely suppressed and the 
2 remaining are the functional stamens situated on either side of the column 
posterior to the 3-lobcd stigma; in the Monandrae 2 of the outer whorl of stamens 
have been suppressed and the third is present (fused with the style and stigmas) 
as the 1 functional anther situated terminally on the column,'*" while all 3 stamens 
of the inner whorl have been suppressed. The characters within the stigma and 
stamen of the Monandrae (the subfamily containing the great majority of the 
genera) are of particular significance taxonomically and morphologically. In this 
subfamily the stigma is situated in a usually depressed cavity (recognized by its 
glossy, viscid surface) immediately below the terminal anther, 2 stigmatic lobes or 
surfaces are present and often confluent; the third (absent in Cephalanthera) is 
modified into a nonfunctional lobe that secretes a quick-drying sticky material and is 
called the rostellum. In primitive monandrous genera the rostellum is quite distinct 
from the anther, but in higher genera (he rostellum is inseparable from the anther 
in that it has become an integral part of the caudicles and viscid discs (viscidia) of 
the pollinia. The character of the anther is represented by an extensive series of 
forms, the recognition of which is important in identifying genera and species. The 
most primitive type is one of 2 cells containing granular pollen. This pollen cannot 

36 By some authors termed the “gynostegium” or “gynostemium.” It has been considered 
by earlier authors (Oliver, Rendle, Willis) to represent an extension of the floral axis, 
but studies by Swamy (1948) demonstrated it to be an appendicular structure containing 
the vascular strands normally associated with stamens and stigmas. 
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properly be called pollen grains but represents tetrads (daughter cells), and the 
contents of anther cells of this type are sometimes termed sectile pollinia. In more 
advanced genera the tetrads of pollen are agglutinated (by strands developed from 
sterile sporogenous material) into pollinia that are waxy or bony in texture. These 
pollinia are generally attached to the apical ends of the anther sac by slender stalks 
called caudicles. In the more advanced members the caudicles are terminated by 
a globose or disc shaped gland. The number of pollinia varies among genera, the 
basic number being 2 (1 in each anther sac) but in other cases they may total 4 
or 8, occasionally in different sized pairs (2 or 4 in each sac) in an anther. The 
treatment of the phylogeny of orchid genera by Rolfe is particularly helpful to an 
understanding of the gross morphology of the flowers of the many groups; the 
account of the evolution of the orchid flower by Godfery is predicated on direct 
ancestry from the Apostasineae, which he included within the Orchidaceae. 

The most recent reclassification of the orchids, from a world viewpoint, was by 
Schlechter (1926) wherein he aligned the 610 genera recognized by him into 2 
subfamilies, 4 tribes, and 81 subtribes. The latest classification of those orchids 
indigenous to United States and Canada was by Ames (1924), a conservative treat- 
ment agreeing in the main with that of Schlechter, but not recognizing the genera 
of the native orchids as so many as Schlechter held to be valid entities. The phyletic 
relationships of these genera and the subdivisions to which they belong are not indi- 
cated in many American floras or manuals, and for this reason the generic elements 
recognized by Ames are listed below according to Schlechter’s schema. Characters 
of the categories are indicated within brackets. Well-known generic synonyms, or 
names of segregate genera appearing as valid in certain American floras, are placed 
in parentheses after their accepted name. Those generic names of the latter status 
are designated by an asterisk (*) if considered by Schlechter to be taxonomically 
valid. 

Subfamily Diandrae [anthers 2 and lateral] 

Tribe Cypripediloideae (the only tribe of the subfamily) 

Cypripedium {Calceolus, Criosanthes, Fissipes) 

Subfamily Monandrae [anther 1 and terminal] 

Division 3asitonae fcaudicle and viscidium arising fiom bases of pollinia; pollen always 
granular! 

Tribe Ophrydoideae (the only tribe of the division) 

Orchis (Gaieorchis)f Habenaria (Blephanghiiis*, Coeloglos^um*, Gymnadenia*, 
(ivmnadeniopsLs*, Lysias, Pemlaria*, Plaianthera*). 

Division Acrotonae [caudicle and viscidia arising from apices of pollinia; pollen 
various] 

Tribe Polychondreae | pollen granular; anther mostly persistent] 

Listera, Epipactis (Serapias, Amesia), Bletia {Limodorum) , Triphora, Isotria, 
Pogonia, Vanilla, Cleistes, Arethusa, Calopogon, Prescottia. Cranichis, Ponthieva, 
Spiranthes {Beadlea, Cyclopojion*, Gxrostachys, Ibidiitm, Mesadeniis*, Neotiia*, 
Pelexia*), Stenorrhynchus. Centrogenium, Gooclyera {Epipactis, Peramiiim), Eryth- 
rodes iPhrstirus*), Tropidia. 

Tiibe Kerosphaereae [pollen waxy or bony; anther commonly soon deciduous] 
Scries Acranthae [inflorescence terminal or in axil of upper leaves] 

Pleiirothallis, Malaxis {Achfoamhes), Liparis, Tipulana, Calypso {Cytherea), 
Epidendium (Aniphigloftis, Anacheihum, Auliza, Epicladiiim, Encyclia*, Hor~ 
mtdiimi, Spathiger), Basiphyllaea {Carteria), Polystachya. 

Series Pleuranthae [ infloiescence lateral, from base of pseudobulb or axils of 
lower leaves or of the lower sheaths] 

Aplectrum. Hexalectris. Corallorhiza, Eulophia (Platypus*, Triorchos), Cyrto- 
podium, Brassia, lonopsis, Oncidium, Macradenia, Campylocentrum. Harnsella, 
Polyrrhiza. 
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The orchids of the British Isles were treated in excellent detail by Godfery 
(1933), whose phyletic arrangement of the 2 divisions of the Monandrae was based 
on a reversal of interpretation of the pertinent primitive versus advanced charac 
ters from that held by Schlcchter (1926). Hutchinson (1934) accepted the views 
of Schlechter, but later (1948) rejected them in favor of those of Godfery “as they 
coincide more or less with the general principles on which the evolutionary system 
here put forward is based.” The essential differences between the views of Schlechter 
and Godfery were that the latter considered genera, whose pollinia are attached by 
apical caudicles and viscidia, to be more primitive than those genera having them 
attached basally (i.e., that the Acrotonae are more primitive than the Basitonae). 
By this rearrangement, the more primitive genera of the Monandrae would include 
Cephalanthera, Epipcutis, IJsieni, Spiranthes, and Goodyera, while the more 
advanced would be the genera Hahenarui, Orchis, and the British Opiuys. This 
rearrangement of the 2 divisions in no way seriously affects the utility of the 
Schlechter schema, and would seem to make more reasonable the phyletic oiganiza- 
lion of Its component genera. 

Economically the orchids are important primarily for the ornamentals they con- 
tribute to the florists' industry and to horticultuic. Capsules produced by members 
of the tropical genus Vanilla arc the source from which natiirtil vanilla extract is 
produced. Among the plants of greatest ornamental value are a few of terrestrial 
genera of temperate regions (Cvpnpediiim, Hahenana, and Bletilla), the remainder 
being primarily epiphytic genera from the tropics or subtropics iPapliiopedalam, 
Cattleya, Laeha, Phalacnopsis, Cymhulium, Odontofilossum, Dendrohtunt, C oc- 
lofiyne, and Epidendntm, with many other exotic genera cultivated by fanciers). 
For papers concerning culture of orchids from seed, consult Knuuson, ct at. 
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Class II. DICOTYLEDONEAE 

Plants herbaceous or woody; stems with vascular elements arranged either in a 
hollow cylinder around the relatively small pith, or in bundles arranged in a single 
circle (as viewed in cross section), in woody dicot stems the sheath of cambium is 
situated close to the bark between the xylem and the phloem, and by means of 
cambial activity secondary growth layers are produced; leaves typically with netted 
venation of the palmate or pinnate type; flowers basically with parts numerous or 
in multiples of 4 or 5; seed embryos with typically 2 cotyledons. 

The relative phyletic position of the monocots and dicots already has been pre- 
sented (Chapter V, and under Monocotyledoneae, p. 371). The classification of the 
dicots has received varied treatment, even during the last few decades, and there is 
a lack of agreement as to the interrelationships of the taxa and as to their composi- 
tion. Engler and Diels (1936) considered the dicot families to number 258, and 
distributed them among 44 orders (Reihen). In contrast to this view, Hutchinson 
(1926) considered the families to number 264 and the orders 76. Bessey (1915) 

The name Dicotyledoneae owes its origin to the typically 2 cotyledons present in 
embryos of members of this class. The character is not infallible, and examples of 
monocotyledony and polycotyledony are known within the taxon. For brevity, and 
without loss of clarity or precision, the term dicotyledon (and its adjectival form, 
dicotyledonous) is reduced to dicot, where appropriate. 
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accepted 255 families distributed among 22 orders. On the basis of available data, 
it would appear that the number of families and orders more nearly approaches 
that recognized by Hutchinson, and that certainly the number of orders is greater 
than accepted by Engler or Bessey. 

All except 6 of the dicot orders recognized by Engler are represented by species 
indigenous to this country, and 2 of those have species grown here as exotics. 
Recent studies have emphasized the taxonomic validity of certain families not 
recognized by Engler but which are treated in this text as distinct. Of these 202 
families of dicots, 154 are represented in this country by indigenous species and 48 
others by exotic species that arc regularly cultivated. 

Effort has been made to provide for each family, in addition to carefully com- 
piled technical descriptions, distributional notes, and data dealing with economic 
importance, a terse summary of available phyletic information. The disposition of 
the families by the several leading phylogenists and specialists has been indicated 
where pertinent, and especially where contemporary views of competent authority 
are at variance with those of Engler and his associates. 

The distinguishing characteristics of the 44 orders of dicots are indicated in part 
by the analytical synopsis provided below. This synopsis does not represent an 
artificial key by which individual plants may be classified, since for the most part 
exceptions to the general situation are not indicated. 

1. Floweis without a sepaloid or petaloid perianth (bracts may be present). 


2. Ovule with 20 or more embryo sacs. . 1. Vcnict'Uitae 

2. Ovule usually with only I embryo sac. 

3. Plants predominantly herbs; fls. mostly bisexual; infl. spicair 2. Piperales 

3. Plants predominantly woody; fls. mostly unisexual and the infl. of one 
or both sexes catkinlike. 

4. Staminate fl, a single naked stamen 3. Hydtostachyales 

4. Staminate fl. of 2-more stamens, usually bracteate. 

5. Endosperm present; ovary superior. 

6. Fr. a capsule; seed comose 4. Salicales 

6. Fr. a nut, drupe, or berry. 

7. Ovary with 2-many ovules, each with 1 integument. 

8. The ovary unilocular 5. Garryales 

8. The ovary bilocular 7. Balaiwpsidales 

7. Ovary with 1 ovule. 

9. Ovule orthotropous, integument 1; style 

2-branched 6. M vncales 

9. Ovule amphitropous, integuments 2; style 

simple 8. Leitneriales 

5. Endosperm absent (except in 13); ovary inferior or superior. 

10. Ovary inferior. 

11. Ovule solitary in ovary; Ivs. pinnately compound. 

12. Ovary 2-carpelled; plants monoecious 9. Jualandales 

12. Ovary 3-carpelled; plants dioecious 10. Jidiamales 

11. Ovules 2 or more; Ivs. simple. 

13. Ovary 4-loculed; plants dioecious 11. Batidales 

13. Ovary 1-loculed; plants monoecious 12. Fatales 

10. Ovary superior. 

14. Stamens 4-12; endosperm present 13. Urticales 

14. Stamens numerous; endosperm lacking 14. Podostemales 

1. Fls. with a perianth of sepals, or petals, or both. 


15. Petals distinct or mostly so, usually when not so are fused with sepals and 
stamens to form an hypanthium. 

16. Perianth parts generally alike (sepaloid or petaloid) and undiffer- 
entiated into calyx and corolla. 

Included here are the families Degeneriaceae, EupteleaceaeV Tetracentraceae, Win- 
teraceae, llliciaceae, Schisandraceae, lllecebraceae, Fumariaceae, and Hypericaceae. 
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16. 


17. Seed without endosperm 15. Proteales 

17. Seed with endosperm. 

18. FIs. mostly unisexual (sometimes bisexual in 17). 

19. Stamens opposite perianth parts and adnate to 

them 16. Santalales 

19. Stamens alternate with perianth parts and free from 
^ them or numerous. 

20. Placentation axile or free-central, ovary usually in- 
ferior N^.i7. Aristolochiales 


20. Placentation free-central, ovary 

superior 18. Balanophorales 

18. FIs. mostly bisexual 19. Polvgoftales 

Perianth usually differentiated into calyx and corolla (corolla some- 
times absent). 

21. Embiyo coiled or curved, rarely straight; placentation basal or 

free-central . ... 20. Centrospermae 

21. Embryo usually straight; placentation usually axile or parietal. 

22. Floral parts usually spirally arranged; gynoecium mostly 

multipistillate, each pistil unicarpellate 21. Ramiles 

22. Floral parts cyclic (androecium not always so); gynoecium 
mostly unipistillate and each pistil syncarpous (exceptions in 
24). 

23. Lvs. tubular or with viscid glandular hairs, insectiv- 
orous 23. Sarracemales 

23. Lvs. not in.sectivorous. 

24. Placentation basically parietal; floral envelopes never 

forming an hypanthium 22. Rhoeadales 

24. Placentation predominantly axile or the ovules few 
or solitary in a uniloculate ovary; hypanthium often 
present. 

25. Ovules orthotropous; plants dioecious; carpels 

3, each with a single ovule 25. Paudales 

25. Ovules anatropous, plants not (or rarely) 
dioecious, carpels usually 1, or 4 or more. 

, 26. Ovary predominantly inferioi or sur- 
lounded by an hypanthium; pistils I to 
many, sometimes syncarpous, stamens 
mostly epigynous oi perigynous . . . 24. Rosales 

26. Ovary inferior or superior, almost always 
syncarpous. 

27. Stamens rarely more than twice as 
many as sepals, in 1 or 2 whorls, 
hypogynous. 

28. The stamens twice as many as 
sepals and in 2 whorls, oi in 1 
whorl and opposite the sepals. 

29. Ovules pendulous with a 
ventral raphe and the micro- 
pyle up. or erect with a dor- 
sal laphe and the micropyle 

down 26. Geraniales 

^ 29. Ovules pendulous with a ven- 
tral raphe and the micropyle 
down, or erect with a ventral 
raphe and the micropyle 

up 27. Sapindales 

28. The stamens as many as the 
sepals and alternating with them 
(opposite the petals) . .28. Rhamnales 
27. Stamens usually numerous. 
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30. Ovary superior. 

31. Placentation usually axile; 

sepals usually valvate Malvales 

31. Placentation usually parietal; 

sepals usually imbri- 
cate 30. Parietales 

30. Ovary usually inferior or sui- 

rounded by an hypanthium. 

32. Sepals and petals numerous, 

the senes often not sharply 
differentiated; plants spiny, 
usually fleshy 31. OputUiales 

32. Sepals and petals usually 4 
or 5; plants not fleshy, rarely 
spiny. 

33. Ovules several to many 
in each locule (or if 
1-2, the ovary supeiior 
and enveloped by an 
hypanthium).. i32. Mvitiflotae 

33. Ovules 1 2 in each 
locule; ovaiy inferioi; 
infl. cymose or umbel- 
late 33'. Umhelhftorae 

15. Petals connate (sometimes only very shortly so at base) and the corolla 
deciduous as a single unit. 

34. Ovary superior or generally so (inferior in one or few genera of nos. 

35 and 38). 

35. Stamens free from corolla or adnate only at extreme base 35. Ericales 

35. Stamens borne on corolla. 


36. The stamens inserted at sinuses or connate into a tube. 34. Diapensiales 

36. The stamens borne along corolla tube and not connate. 

37. Stamens opposite the corolla lobes, as many as or more than 
corolla lobes. 

38. Ovary 1-loculed. 

39. Placentation free-central, ovules usually many; 

• style 1 36. Pnmulales 

39. Placentation basal or the single ovule pendulous, 

styles or their branches 5 37. Plumbaf^imdes 

38. Ovary 2 -5-loculed .... 38. Ehenales 

37. Stamens alternate with corolla lobes, as many as the lobes 
or fewer. 

40. The corolla herbaceous; fr. never a circumscissile cap- 
sule. 

41. Corolla lobes usually convolute; ovary 2-carpelled, 
or ovaries 2 and each unicarpellate; stamens usu- 
ally inserted at or near corolla base 39. Contortae 

41. Corolla lobes imbricate; ovary 1 with 2 5 caipels; 
stamens usually adnate to the mostly elongated 

corolla tube '^0. Tubifiorae 

40. The corolla scarious; fr. a circumscissile 

capsule 41. Plantaginales 

34. Ovary inferior. 

42. Stamens distinct, rarely coherent; Ivs. opposite 42. Rubiales 

42. Stamens coherent or variously connate; Ivs. mostly alternate. 

43. Carpels 3, placentation predominantly parietal; fls. mostly uni- 
sexual; plants lianous herbs V43. C iicurbitales 

43. Curpels usually 2 or 5 (rarely 3), placentation axile or ovule 1 
and basal or pendulous; plants infrequently lianous 
herbs 44v Campamdatae 
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LITERATURE: 

Most of the literature dealing with the phylogeny of the dicots has been accounted 
in Chapters V and VI. Throughout much of the treatment that follows, references are 
made to the respective treatments by Bessey, Small, Hallier, Hutchinson, Wettstein, 
and Rendle. These works are cited below and the citations are not repeated elsewhere 
in the following treatments of families. 

Bissiy, C. E. Phylogenetic taxonomy of flowering plants. Ann. Mo. Bot. Card. 2: 
1 155, 1915. 

Hai I iLR, H. L’origine et le systeme phylctique des angiospermes. Arch. Neerl. Sci. Exact. 
Nat. Ser. Ill B, 1: 146 234, 1912. 

Huichinson, J. The families of flowering plants. 1. Dicotyledons. London, 1926. 

. British flowering plants; evolution and classification of families and genera 

with notes on their distribution. London, 1948. 

Rlndi t, A. B. The classification of flowering plants. 11. Dicotyledons, ed. 1, reprinted 
with coricctions. Cambridge, 1938. 

Small, J. K. Manual of the southeastern flora. New York, 1935. 

Wi iisiiiN, R VON, Handbuch der systemalischen Botanik. cd. 2. Vol. 2. Leipzig, 1935. 

Order 1. VERTICILLATAE 

C'haracters as for the single family, Casuarinaceae. The phyletic position of the 
order is discussed under Casuarinaceae. 


CASUARINACEAE. CASUARINA FAMILY 



I ig. 99. C’ AsiiARiNAi I Ai . Casuatina equiseti/olia: a, tiuiting branch. X I 2 , b, twig tip, 
' 3, c. pistillate inflorescence, enlarged; d, pistillate llowei, X 15; c staminate inllores- 
cence, < 1, f, staminate flower, partly excised, X 10; g, fruit, X 1. (From L. H. Bailey, 
Maniuil of cuUnated plants, The Macmillan Company, 1949. Copyiight 1924 and 1949 
by Libcity H. Bailey.) 

Evergreen woody much-branched monoecious or dioecious trees or shrubs with 
jointed whorled and striate branches; leaves in whorls of 4-16, scalelike, usually 
linear to lanceolate, always connate basally, forming a sheath about the twig, and 
the leaf tips appearing only as teeth, internodes with striate grooves as many as 
leaves; flowers unisexual, without perianth; staminate flowers composed of a single 
stamen subtended by 4 obovate serrately margined bracteoles, in whorls, arising 
from within leaf sheaths along distal portion of twig (this fertile portion of twig 
sometimes said to be catkinlike), the anther basifixed, 4-celled, dehiscing by ver- 
tical slits; pistillate flowers capitate, each subtended by 1 brac^ and a pair of 
bracteoles; ovary superior, originally 2-loculed, but unilocular at anthesis by 
suppression, the ovules 2 on a single parietal placenta (1 ovule aborts), the carpels 
2i style 1, very short, the stigmas 2 and linear; fruit a 1 -seeded small-winged 
samara, enclosed by usually 2 woody bracteoles and a bract, all of which at fruit 

The name Casuarinales has been used for this order by Rendle, Small, et al. 
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maturity open like a capsule, many fruit and their bracteoles aggregated into a dry, 
woody, conelike, multiple fruit. 

A unigeneric family {Casuarina) of the southern hemisphere and particularly 
of Australia, New Caledonia, to Malaya, and the Mascarene and other islands. 
Taxonomically, Casuarina is a poorly understood genus, and its species may num- 
ber 40-50. 

The family is distinguished readily from others by its equisetumlike jointed 
branches, whorled, minute leaves, and its woody, conelike fruit. 

The apparently simple anemophilous flowers, the approach to a catkinlike stam- 
inate inflorescence, and the large rays in the wood resulted in the treatment of this 
family as the most primitive of dicols by Engler, and the retention of it within the 
Amentiferae by Rendle and by Wettstein, who interpreted it as the most primitive 
angiosperm and one derived from the Ephedraceae. It was recognized to be an 
advanced family by Bessey, by Hallier (as a member of his Amentacees), by 
Hutchinson, and by Tippo. Bessey treated it first (1897) as a member of the Sapin- 
dales and later (1915) as a leafless representative of and derived from the 
Hamamelidaceae within the Rosales; Hutchinson (1926) placed it at the top of 
the Amentiferae and derived the entire group from the Hamamelidales, and Tippo 
(1938) considered it, on the basis of anatomical evidence, to be a highly advanced 
derivative of the Hamamelidaceae. Moseley (1948), on the basis of anatomical 
evidence and floral morphology, concluded the family to be “moderately rather 
than highly specialized,” and that the floral morphology indicated the family to 
have been derived by reduction from Hamamelidaceaelike ancestors — a view 
strongly supported by the anatomical evidence. An opposing view was expressed 
by Hjelmquist (1948), who, on the basis of the floral componer’s and to the exclu- 
sion of anatomical evidence, held the family to be a primitive dicot but not a 
member of the Amentiferae. The preponderance of evidence gives more support 
to the views of Tippo and of Moseley than to those of Engler, Rendle, or 
Hjelmquist. 

Economically the family is important as a timber tree in areas where indigenous 
(and there often known as the she-oak, a common name applied also to Grevillea 
of the Proteaceae) and several species are cultivated extensively in the warmer 
regions of this country as ornamentals. 
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Order 2. PIPERALES 

An order composed of the Saururaceae, Piperaceae, and Chloranthaceae, with 
species of only the first 2 families indigenous to this country. Characteristics of 
Die order are: plants predom'nantly herbaceous, leaves simple, the flowers in 
spikes or racemes, minute, mostly bisexual, and lacking perianth but often 
bracteate. The taxon has not been the subject of recent critical phyletic study; it 
was accepted by both Hallier and Hutchinson as a terminal and lateral offshoot of 
ranalian stocks. 
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SAIJRURACEAE. LIZARD’S-TAIL FAMILY 



Fig. 100. Saururaceae. Saiirufus cernmis: a, flowering stems, X Vio; b, inflorescence, X Va\ 
c, flower, X 5; d, pistil, vertical section, X 18; e, ovary, cross-section, X 18. (From L. H. 
Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 
1949 by Liberty H. Bailey.) 

A small family of perennial herbs, usually of moist situations; stems erect; leaves 
broad, mostly ovate, alternate, simple, the stipules present and adnate to petiole; 
flowers bisexual, in dense slender peduncled spikes or racemes, without perianth, 
bracteate; stamens 6-8 or fewer by abortion, hypogynous or adnate to ovary and 
nearly epigynous, the filaments distinct, the anthers 2-celled, dehiscing by vertical 
slits; gynoecium superior to half-inferior, of 3-4 distinct 1-loculed, 1-carpelled 
pistils with parietal placentation, or the simple pistils basally connate into a single 
pistil with a compound 3-4-carpelled ovary and parietal placentae (axile in Sau- 
rurus), the ovules usually 2-10 per carpel (often 1 in Saururus) and orthotropous, 
the .styles and stigmas as many as carpels; fruit a semisucculent follicle or a fleshy 
capsule dehiscing by apical valves: seeds endospermous with small embryo. 

Three genera {Saururus, Anemopsis, Houttuynia) and perhaps 4 species repre- 
sent the family. One species of Saururus {S. cernuus) occurs in eastern North 
America and another in eastern Asia. Anemopsis is a monotypic genus (A. calh 
f arnica) indigenous to southwestern United States and northern Mexico. Hout- 
tuynia is represented by a single species occurring from the Himalayas to Japan. 

The lizard’s-tail family is allied to the Piperaceae, differing by its multicarpellate 
gynoecia, usually parietal placentation, and by the stem anatomy (vascular strands 
united into a single ring in Saururaceae and distinct in Piperaceae). 

The family is of little economic importance, although dealers in native plants 
offer Houttuynia, Anemopsis, and Saururus as garden plants for wet soils. 

LITERATURE: 

Hoim, T. Saururus cernuus L., a morphological study. Amer. Journ. Sci. V, 12: 162 -168, 
1926. 


PIPERACEAE. PEPPER FAMILY 

Erect or scandent herbs, shrubs or infrequently trees, evergreen when woody, 
the stems with va.scular strands distinct and sometimes somewhat scattered as in 
monocots; frequently succulent when herbaceous, nodes often jointed or swollen; 
leaves alternate, rarely opposite or whorled, petiolate, entire, the stipules adnate 
to petiole when present, palmately or penninerved, often fleshy; flowers very 
minute, bracteate, usually bisexual or in some species uni.sexual, generally in dense 
fleshy spikes or the spikes umbellate; perianth absent; stamens 1-10 (primitively, 
probably 6 in 2 whorls of 3 each), hypogynous, the filaments usually distinct, the 
anthers each of 2 distinct or confluent cells (then appearing as 1 -celled), dehiscence 
by longitudinal slits; pistil 1, the ovary superior, 1-loculed, the carpels 2-5 (primi- 
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tive number probably 3), the ovule solitary basal orthotropous, the style (V-1, the 
stigmas 1-5 (often brushlike and lateral in Peperomia); fruit a small drupe (often 
described erroneously as a berry); seed small with endosperm and minute embryo. 

A pantropical family of 10-12 genera, with the following in the New World: 
Heckeria, 8 spp. in South America; Piper, over 700 spp. in both hemispheres; 
Nematanthera, 2-4 spp. in the Guianas; VerhueUUi, 2 spp. and Symbryon 1 sp., 
both of Cuba; and Peperomia, over 600 spp., in both hemispheres but predomi- 
nantly from Mexico into South America. Four or 5 species of Peperomia {Micro- 
piper, Rhynchophorum) are indigenous to rich woods and hammocks of peninsular 
Florida. 



Fig. 101. Pipr.RAcrAE A, Peperomia Samiersn var. arfivteia: Aa, plant in flower, X 14; 
Ab, section of inflorescence, X 10; Ac, flowci and bract (b), X 25. B, Piper mfniim: 
branch with fiuil, X Vt. (From L. H. Bailey, Manual of cultivated plants, 'Ihe Macmil- 
lan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Members of the family are distinguished largely by the .lensely and minutely 
flowered spicate inflorescence, the naked flowers, and the 1 -celled, 1-ovulcd ovary, 
in many representatives the succulent herbage is distinctive. 

Contrary to the views of Engler and of Rendle, it is now held generally that 
the family, while of undeterminate origin, is not one of the mo.st primitive dicots, 
but probably is an independent and terminal offshoot of direct ranalian ancestry 
— a view supported by Hallicr, Bcsscy, and Hutchinson. 

Economically the family is important for the pepper of world spice markets: 
the ripened frifit of Piper nigrum of Java is the source of white pepper, while the 
unripe fruit of the same species is the source of black pepper. A narcotic beverage 
IS produced in Oceania from roots of Piper methysticum. Species of Macropiper, 
Piper, and Peperomia are grown domestically as house plants for their foliage. 

LITERATURE: 

Smaii, J. K. The wild pepper-plants of continental United States. Joiirn. N. Y. Bot. 
Card. 32: 210 223, 1931. 

Trellasc, W. The geography of the American peppers. Pioc. Amer. Philos. Soc. 69: 
309 327, 1930. 


CHLORANTHACEAE. CHLORANTHUS FAMILY 

A small family of herbs, shrubs, or trees, evergreen when woody; leaves oppo- 
site, simple, minutely stipulate, usually aromatic, opposing petiole bases often 
meeting and connate; flowers bisexual or unisexual (the plants then monoecious), 
minute, bracteate, actinomorphic, in spikes, cymes, panicles, or heads; perianth none 
or rudimentary and caliciform in pistillate flowers, the bisexual flowers with a 
single stamen or with the stamens 3 and connate into a 3-lobcd mass adnatc 
basally to one side of the ovary, the anthers 2-cellcd (sometimes 1-celled) and 
dehiscing vertically, the pistil 1, with ovary inferior, 1-loculed, 1-carpelled, the 
ovule solitary pendulous and orthotropous, the stigma solitary and sessile or on 
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a short style; when unisexual, the staminate flowers many on a peduncled short- 
spicate axillaiy inflorescence, and the pistillate flowers few to several in a short 
raceme or spike, with the ovary usually enveloped by an adnate gamosepalous 
3-toothed calyx; fruit a small ovoid to globose drupe; seed with abundant oily 
endosperm and a minute embryo. 



Fig. 102. Chloranihaceae. Ascarina litctda: a, flowering branch, X 14; b, stem node with 
stipules, X 2; c, staminate flowers, x 3; d, staminate flower, x 5; e, pistillate flowers, X 3; 
f pistillate flower, vertical section, X 10. (c-f, adapted from Cheeseman.) 


A tropical and subtropical family composed of 2 Old World genera {Chloran- 
thus with about 12 spp., and Ascarina with 3 spp.) and a single New World genus 
(Hedyosmiim, with about 25 spp. of tropical America and extending northward to 
Jalapa, Mexico). None of the family is indigenous to the United States. Chloran- 
tht 4 s filaher, a low ornamental shrub, is grown in southern California for its foliage 
and bright red fruit. 

The family is distinguished from others within the order by the opposite stipu- 
late leaves, united petiole bases, and the inferior ovary with the solitary pendulous 
ovule. 


LITERATURE- 

CoRDEMOY, C. Jacob de. Monographic du groupe des Chloranthacees. Adansonia, 3; 
280 -310, 1863. 

Order 3. HYDROSTACIIYALES 

An order of a single unigeneric family, Hydrostachyaceae, of African dioecious 
aquatics. 


V Order 4. SALICALES 

A distinctive order with the characteristics of its 1 family, Salicaceae. There is 
much evidence that the family has been derived from advanced ancestral stocks, 
but data are yet needed before the phyletic position of it or its ancestors can be 
indicated. 


^‘’The dicot orders Salicales through Fagales were designated by Eichler (1883) as 
a single order, Amentaceae. They were accepted as a phyletically homogeneous group 
•of primitive dicots by Engler and by Rendle, both of whom rejected Eichler’s name and 
considered them to represent several orders. Hutchinson transferred all these amentif- 
erous oideis (plus the Urticales) to a phyletic position that treats them as descendants 
of hamamelidaceous ancestors. The plants were restudied by Hjelmquist (1948) and 
treated by, him as a natuial assemblage of several orders comprising a sing le ta j^on, 
Amentifer(ie. For several decades a wide range of evidence has been accumulatin g "In 
support of the 'View that "these 'TttcoTs aremeithcTTrarnfar nor primitive taxa. Discussions 
of and references to this supporting literature are cited in the treatments of the several 
families that ^follow. "" 





Fig. 103. Salicaceae. A, Populus halsamifeta: Aa, twig with staminate catkin. X Vi; 
Ab, staminate catkin axis with flower, X 2; Ac, pistillate flower, X 4; Ad, capsule, X 2. 
B, Salix fragilis: Ba, staminate catkins, X 1 (catkins on left of twig at anthcsis, others 
less mature); Bb, staminate flower, X 6: Be, pistillate flower, X 6; Bd, capsule, X 2. 
(b bract, /c seed coma, g gland.) (From L. H. Bailey, Manual of cultivated plants. The 
Macmillan Company, l9497*^opyright 1924 and 1949 by Liberty H. Bailey.) 

Woody trees or shrubs (a few arctic species suflfrutescent), dioecious (individ- 
uals rarely monoecious); leaves deciduous, simple, alternate or rarely subopposite 
(S. purpurea), stipulate (often caducously so), generally petiolate; flowers uni- 
sexual, those of each sex in dense erect to pendulous catkins, perianth absent or 
vestigial, each flower seemingly subtended by a fringed or hairy bract and a cupular 
disc or 1-2 nectiferous glands (when 2, one is above and one below the pedicel), 
appearing before or with the leaves; staminate flowers of 2-more stamens, the 
filaments distinct or (in some Salix spp.) basally connate (wholly connate in 
S. sitchensLs), the anthers 2-celled, dehiscing vertically; pistillate flowers with pistil 
1, sessile or short-stipitate (long-stipitate in S. Behhiana and others), the ovary 
superior, 1-lociJled, the placentae 2-4 and parietal, the carpels 2-4, the ovules 
anatropous, usually many with single integument (except in 2 spp. of Populus), 
the style 1 with 2-4 stigmas; fruit a 2-4-valved capsule; seeds comose, embryo 
straight, the endosperm little or none. 

The family is composed of 2 genera {Populus with about 30-40 spp., Salix with 
about 300 spp.) of almost world-wide distribution (absent only in Australasia and 
the Malayan Archipelago, but 1 species in the Philippine Isis.), the most primitive 
species occurring in the tropics but with present centers of distribution in the north 
temperate and subarctic regions.**' 

Members of the family may be distinguished from catkin-bearing representatives 
of other families by the plants dioecious, by the flowers seemingly subtended by 
bracts and a cuplike disc or a gland, and by the comose seeds. 

Morphological studies by Fisher (1928) on an extensive number of species of 
both genera concluded t hat (It the “simplicity of t he flowers . . . is l argeTy ^^^'e' 
to extreme redirctioh and not to"‘a TeTentrcnrrif'Tn^h'aicTeatufe ; (2) the flowers 
once (in anc^SSTr aF-forms) possessed a pcrianin of certainly 1 ah"d probably 2 series 
which is now'”repres^nte3T^y"the cuplil^ jland of Populus and the usually finger- 

A third and monotypic taxon proposed as a genus by Nakai in 1920 under the 
name Chosema was accepted as a genus by Wettstein, Komarov (who later rejected its 
validity as a genus), and Rehder. As a result of extensive morphologic and taxonomic 
studies, Hjelmquist (19^8) rejected its claim to generic rank and included it in Salix. 
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like gland or glands of Salix/ (3) the bract “does not subtend the flower . . . but 
is a leaf upon the pedicel of a formerly stalked ancient flower”; (4) the family is 
not allied with the Tamaricaceae as alleged hy Bessey (1887) but is an advanced 
phyletic group of unknown ancestral relationships; and (5) that within the family, 
Populus is the more primitive. Hutchinson ( 1926) retained it with the other 
amentiferous families of presumed hamamelidaccous afflnities and treated it as the 
most primitive of them. Hjelmquist (1948) was of the opinion that the cup or 
fingerlike gland characteristic of flowers in this family was “formed by the reduc- 
tion of an undifferentiated bracteal envelope and that it is not quite appropriate 
to designate them as perianth.” He included the Salicaceae in an order by itself 
and treated it as the most advanced within the taxon Amentiferae. There is evi- 
dence to indicate the Salicaceae to be a more highly specialized group than most or 
all other amentiferous families and the only one of an order that stands well apart 
from other orders of dicots. 

Economically the family is important for the many species of both genera grown 
as ornamentals. Salix species are sources of wood made into charcoal and for 
withy twigs used in basketry.) (S 
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, Order 5. GARRYALES 

An order with the characteristics of its only family, Garryaceae, and distin- 
guished from other orders of dioecious amentiferous plants by its unilocular 
biovulate ovary, and baccate fruit. The relationship of the order is probably within 
or near the Umbelliflorae, and it is not at all a primitive taxon as interpreted by 
earlier botanists. 


GARRYACEAE. THE GARRYA FAMILY 

A small unigeneric family of dioecious evergreen shrubs or less commonly 
trees: leaves opposite, simple, entire, leathery, the opposing petioles basally con- 
nate, estipulate; flowers unisexual, those of each sex disposed in pendulous silky- 
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hairy catkinlike racemes; staminate flowers stalked, the perianth composed of 4 
valvate decussate “sepals” or bracts, often apically coherent with stamens pro- 
truding between them; the stamens 4, distinct, alternate with the sepals, the 
anthers 2-celled, basifixed, dehiscing by vertical slits, a conical rudimentary pistil 
present; pistillate flowers in dense bracteate pendulous raceme, each flower sessile, 
without perianth, composed of a single pistil with ovary superior, l-loculed, prob- 
ably 2-carpelled with the placentation fundamentally parietal, the ovules anat- 
ropous, pendant from near the locule apex and with a single integument, the 
styles 2, distinct, subulate, spreading; fruit a berry (sometimes 1 -seeded by abor- 
tion), globose to ovoid, terminated by the persistent styles; seed with a minute 
straight embryo and copious endosperm. 



Fig. 104. Garryaceae. Garrya elliptical a, branch with staminate inflorescences, X Vm b, 
portion of staminate inflorescence, X 1; c, staminate flower, X 5; d, pistillate inflorescence, 
X 1; e, pistillate flower, X 3; f, fruit, X 4. 


Garrya, the only genus of the family, has about 15 species extending from 
California (4 spp.) through southwestern United States and Mexico (10 spp.) to 
the West Indies (1 sp. in Jamaica). 

Some studetits (Hallock, Hjelmquist, Wettstelh) of this and related families 
hold that the Garryaceae are not related to the apientiferous taxa, but belong to 
a separate order (Garryales) presumed to have affinities with the Umbel liferae. 
Other authors (inch Jepson) have placed it near the Cornaceae, a family of 
similar alliance. 

The family is characterized by the leaves opposite, estipulate, and with joined 
petiole bases, by the pendulous catkinlike unisexual inflorescences, and the 2-styled 
pistillate flowers. ^ 

Economically the Garryaceae are of little importance. A few species are culti- 
vated as ornamental shrubs in southern California, being prized for theii glossy 
evergreen foliage and reddish-purple drooping inflorescences. 
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Order 6. MYRICALES 

An order containing only the Myricaceae, and distinguished from other amentif- 
erous taxa by the unilocular bistylar ovary and the solitary orthotropous ovule. 
The phyletic position of the order is interpreted variously, but the combination of 
anatomical and morphological’ evidence favors views that treat its origin to be 
from stocks near or ancestral to the Hamamelidaceae or their relatives. 


MYRICACEAE. SWEET GALE FAMILY 



Fig. 105. Myricaceae. A, Mynca pensvlvanica: Aa, habit in fruit, X Yh: Ab, staminate 
inflorescence, X 2; Ac, staminate flower, X 8; Ad, pistillate mfloiesccnce, X 2; Ae, pistillate 
flower, showing bract and 2 bractcoles, X 8. B, Comptonia peregnna var. asplenifoUa, 
with young fiiiit, X Yh. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey) 

Aromatic trees or shrubs, deciduous or evergreen, dioecious or monoecious 
(disposition of sexes very variable and the sex of flowers of a given plant or branch 
may vary from year to year) or sometimes individual flowers bisexual with both 
sex elements functional; leaves alternate, entire to pinnatifid, usually short-petioled, 
punctate resin-dotted, often coriaceous, estipulate (except in Comptonia); the 
unisexual inflorescence a densely flowered st ffish axillary spike, and when bisexual 
the staminate flowers subtend the pistillate; flowers mostly unisexual, devoid of 
perianth, usually bracteate; staminate flowers subtended by a single bract and with 
stamens 2-20 (usually 4-8), the filaments distinct or connate, the anthers basifixed, 
2-ccllcd, dehiscing by vertical slits; pistillate flower subtended by a bract and with 
or without bractcoles, the pistil 1, the ovary superior, 1-loculed, the ovule solitary 
basal (derived from parietal) and orthotropous with a single integument, the 
carpels 2, the style very short or not apparent, 2-branched, and stigmas 2; flowera 
when bisexual with central pistil and 3-4 stamens, bracted; fruit a small drupe 
enveloped or not by persisting bracteolcs, often covered with a whitish waxy 
coating; seed with little or no endosperm, the embryo straight. 

d'he number of genera composing the Myricaceae is unsettled. Most autho:** 
(including Englcr, Asa Gray, Hutchinson) have treated it as unigeneric {Myrica, 
with about 40 spp.). By others (including Hjelmquist and Small), the 3 subgcnera 
each have geen accorded generic rank {Myrica, Gale, and Comptonia) , but most 
contemporary Ameiican authors (Fernald, Rehder, Abrams, Bailey) recognized 
only Comptonia (a monotypic genus) as generically distinct from Myrica. Myrica 
occurs in xerophytic or swampy areas over much of the northern hemisphere, and 
is represented in this country by about 6 species (2 restricted to the Pacific coast, 
1 to Florida, 2 to Atlantic coastal plain and 1 cosmopolitan). Comptonia pere^rina 
(M. asplenifoUa), the sweet fern, westward from the sandy pinelands of the northern 
y\tlantic coastal plain southward to North Carolina. 

Members of the Myricaceae generally are recognizable by the aromatic fra- 


DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 451 

grance of the foliage when crushed, by the yellow glandular dots on the leaves, 
and by the indehiscent waxy-coated 1 -seeded fruits. 

It was the opinion of Chevalier (1901) and of Hjelmquist (1948) that within 
the family the ancestors of the taxa Gale, Myrica, and Comptonia advanced from 
primitive to complex in that sequence. Hjelmquist treated the family as the most 
primitive of his Juglandales and retained it within the taxon Amentiferac. Hutchin- 
son (1948) interpreted the family to be advanced over the Fagales and derived 
from stocks ancestral to the Hamamelidales. Youngken (1920) accepted the 
generic limits established by Chevalier, and made no phyletic study of the family. 

Economically the family is important for the aromatic wax obtained from the 
fruit of several species and used in making bayberry candles, for tannic acid 
obtained from M. Gale, for the edible fruit of M. Nagii, and for the ornamental 
value associated with especially the pistillate plants of several species (M. pensyl- 
vanica, M. cerifera, and M. Gale). 
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Order 8. LEITNERIALES 

A monotypic order {Leitneria) of very restricted distribution in this country and 
distinguished from others of this alliance by the unilocular and unistylar ovary 
having a single amphitropous ovule. Little is known about its probable phyletic 
affinities and for the present, like the Salicales, it stands apart from other dicot 
orders and clearjy is a much reduced relic and not a primitive taxon. 

LEITNERIACEAE. CORK WOOD FAMILY 

Deciduous dioecious shrubs or small trees; leaves alternate, simple, entire, estipu- 
late, petiolate, subcoriaccous; cymules “flowers” (of authors) unisexual in catkinlike 
spikes before the leaves, the staminate inflorescence lax, composed of 40- 50 large 
imbricated glandular-pubescent bracts each subtending a staminate cymulc,'*^ the 
pistillate inflorescence stiffly erect, composed of a primary axis bearing large pri- 
mary bracts within each of which is a pair of much smaller secondary bracts, the 
2 series (when fertile) subtending the pistillate cymule (many basal and some 
apical bracts are sterile); staminate cymule without perianth, stamens 3-12, fila- 
ments distinct, incurved, the anthers erect, basifixed, introrse, 2-celled, dehiscing 
Iong!tudinally; pistillate cymule subtended by 3 bracts and a “perianth” of usually 
4 (3-8) distinct bractlike tepals, the pistil 1, simple, the ovary superior, 1-loculed 
the ovule 1, parietal and attached near apex, amphitropous, integuments 2, th< 

Older 7, Balanopsidales (monotypic) of New Caledonia are not known to have 
representatives growing as exotics in this country. 

Studies by Abbe and Earle (1940) on the morphology and anatomy of the inflores- 
cences have shown the “flowers” to be cymules, a condition not reflected by the gross 
morphology of the inflorescence, for this reason the term cymule is used in place ot 
flower. 
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Style 1 stoutly linear, constricted at union with ovary, the stigma 1 ; fruit a leathery 
compressed obovoid drupe, usually several aggregated in a cluster, each subtended 
by the persistent bract; seed with a large straight embryo and a thin fleshy 
endosperm. 

The family is represented only by the single species Leitneria floridana, occur- 
ring in swamps from southern Missouri to Texas and Florida. 

The plant is distinguished readily by its erect pistillate spikes as contrasted with 
the pendulous staminate aments, the simple superior ovary with parietal placenta- 
tion, the nonaromatic foliage, and large embryo. 



Fig. lOd. Leitneriaceae. Leitneria floridana: a, branch with pistillate catkins, X Va; b, 
branch with staminate catkins, X Va; c, staminate catkin, X U/ 2 ; d, bract with stamens, 
X 5; e, pistillate catkin, X V/i] f, pistil, X 5; g, foliage branch, X Va. 


Engler and followers included the family with others having amentiferous 
inflorescences, Hutchinson (1926) following Heim (1891) derived it from the 
Rosales through the Hamamelidaceae. Bessey (1915) considered Leitneria to 
belong in the Ranales. Data provided by the critical studies of Abbe and Earle 
( 1940) led them to the conclusion that the family should be placed in either the 
Rosales or Geraniales, with recognition of the need for more diagnostic evidence 
especially in the nature of cytological data and those to be obtained from study of 
the male gamelophyte. More recently Hjelmquist (1948) included the family in 
the Amentiferae, and indicated that it represented “a line issuing from the type of 
Myricaceae,” His conclusions were based on the floral morphology^ to the exclu- 
sion of consideration of contradicting anatomical evidence. There is little question 
but that the family represents an advanced taxon (as evidenced by reduction of 
floral parts and vegetative anatomy), but many more data are needed before its 
phyletic position safely can be indicated. 

Economically the corkwood tree is of little importance except as a novelty and 
to a slight degree as an ornamental. 
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" Order 9. JUCLANDALES ^ 

A monotypic order with the characters of its 1 family, Juglandaceae, and dis- 
tinguished from others of the alliance by, the plants predbminantTy' mohoeigiOTlS, 
the flower solitary in the axiF^ a n’'Tm^ry bract, the bicarpellate and inferior 
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ovary with a solitary ovule, and the leaves pinnately compound. The phylogeny of 
the order is discussed in general under the family; however, there is evidence that 
the Rhoipteleaceae (here included in the Urticales) probably belongs in the Jug- 
landales and may be ancestral to the Juglandaceae. 


JUGLANDACEAE. WALNUT FAMILY 



Fig. 107. Juglandaceae. A, Juglans nigra: Aa, flowering branch, stem sectioned to show 
chambered pith, X Vi; Ab, fruit and seed, X Vi; Ac, pistillate flower, vertical section, X 2; 
Ad, staminate flower, X 2. B, Carya: Ba, staminate catkins, X Vi; Bp, staminate flower, 
X 4; Be, pistillate flower, vertical section, X 2; Bd, nut, the husk dehiscing, X Vi. (From 
L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 
1924 and 1949 by Liberty H. Bailey.) 

Deciduous monoecious trees or rarely shrubs (dioecious in Engelhardtia spp.); 
leaves alternate or rarely opposite {Alfaroa, Engelhardtia spp.), pinnately com- 
pound, usually resinous-dotted (lepidote) beneath and aro matic, estip ulate; ^wers 
unisexual, disposed in 1 oM" basic TnJlorescence types: (1) a t erminaT pahicuTaTe 
cluster of sevetaf erect or pendulous stami nate ca tk ins, u sually' cornt^neci with a 
central largely or entirety pistil late i:aTkm t as m spp. olHaty^carya, ATfar(yth‘£ngel- 
hardtia); (2) arsblitary tefmmaT pendulous pistillate catkin (spp. of Engelhardtia, 
Pterocarya) which by reduction and specialization becomes a shorter few-flowered 
erect spike {Juglans and Carya) and thence to a 1-2 -flowered spike (Carya and 
Juglans); (3) a 3-catkined staminatb*4ftflores cence lateral on old woo d or at the 
base of new wood (spp. of'Engelhdrdtia and Carya) derived by reduction from the 
more primitive staminate iifflorescences of a 5-8-catkined panicle terminal on a 
short lateral branch (Alfaroa); (4) a solitary lateral staminate catkin, representing 
the most advanced type (Juglans, spp. of Bierocarya) resulting from reduction of 
the third type; the staminatd flower possesses a floral envelope of basically 7 parts 
(a primary bract, 2 secondary bracts, and*^ perianth of 4 or fewer tepals), but*^ 
somt’imes 1 or more of the tepals may be absfent or the perianth entirely absent 
(as in Carya), or the secon’dary bracts a nd the^lgl lafnif mayl^c absent (Pldty^ 
carya); in some the'primary bract is 3-lobed (Engelhardtia, Aljaroa) ^^'the recep- 

^^The interpretation by Hjelmquist (1948) of the parts of the floral envelope differed 
from that of Manning given here for the staminate and pistillate flowers of certain 
genera. In the flowers of Alfaroa and Engelhardtia he considered the 2 lateral lobes of 
the 3-lobed bract as secondary bracts in both pistillate and staminate flowers, which 
meuns. that there may be up i6 6 tepals in the staminate flower, and in Juglans and 
Ptef tcarya he considered the secondary bracts absent in the staminate flower, with the 
tepa's therefore 6 or fewer in number. 
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tacle attached to the bracts and bearing 3-100 stamens in 1 or more series, the 
filaments short, distinct, the ant|;iers erect, basifixed, *5-celIed, dehiscing longitudi- 
nally, a rudimentary pistil often present; the pistillate flower comprises a floral 
envelope and a pistil, the former consisting of a primary bract (sometimes 
3-lobed), 2 secondary bracts, and a perianth of 4 tepals (1 or more secondary 
bracts and/or tepals may be lacking or modified) with the primary and secondary 
bracts adnate to the base of the ovary or to the whole ovary as are the tepals 
when present (in Cary a the 4-toothed envelope is composed of a 3-cleft structure 
representing 3 secondary bracts or derived from the 2 connate secondary bracts, 
with the tepals modified to form a stigmatic disc), the pistil 1, the ovary inferior, 
1-loculed above but 2-4-loculed below, normally 2-carpelled (sometimes 3), the 
ovule 1, erect in the center at the top of the incomplete partition although appear- 
ing basal in the young flower, orthotropous,'*'* the styles 2 (or solitary with 2 lobes 
or branches); fruit drupelike nut with a dehiscent or indehiscent leathery or fibrous 
husk (the so-called exocarp, a structure derived from the involucre and perianth 
surrounding the ovary), or sometimes winged nutlet, incompletely 2-4-celled; the 
seed 2-4-lobed, the embryo very large, the endosperm none. 

A family of 6 (or 7?) genera and about 60 species, mostly of the north tem- 
perate zone but with one distributional range extending through Central America, 
along the Andes to Argentina, and another from temperate Asia extending down 
to Java and New Guinea. In this country the family is represented by 4-6 species 
of Jiiglans (20 spp.), and about 14 species of Carya {Hicoria) (17 spp.). Juglans 
is the only genus of the family indigenous to the Pacific coast, where it is repre- 
sented by a single species, and this genus with Carya and Engelhardtia are the 
only ones of the family to occur in both eastern and western hemispheres. The 
Juglandaceae are most abundant in eastern Asia and Atlantic Nortja America. 

The Juglandaceae are characterized by the presence of pinnately compound 
leaves, the flowers each subtended by a primary bract, apetalous, unisexual with 
the staminate generally lateral in pendulous (in Juglans and Carya) and the pis- 
tillate in terminal erect inflorescences (in U. S. representatives), by the distinctive 
floral envelope, the inferior ovary, the resultant usually leathery drupaceous nut 
or winged samara. 

It has been the view of Bessey and Hutchinson tnat the Juglandaceae may have 
been evolved from one of the taxa in the Sapindales. Hallier included them in his 
Terebinthaceae as derived from the Rutaceae. Tippo noted that anatomically they 
are an advanced taxon and are not the simple family that Engler' and Wettstein 
considered them. Because of their pinnate leaves, resinous condition, and floral 
morphology they may not be allied closely to the families in the Urticales, but may 
be well advanced over them. Heimsch (1942) stated that on the basis of wood anat- 
omy the Juglandaceae are unrelated to the Anacardiaceae and the Julianaceae. 
Studies by Manning (1938, 1940, 1948, 1949) suggested that, on the basis of floral 
morphology, the genera Engelhardtia and Alfaroa may be the more primitive, with 
Juglans and Carya among the more advanced in the family. It is significant to note 
that, on the basis of wood anatomy studies, Heimsch and Wetmore (1939) arrived 

Macroscopic examination of the young ovary indicates the ovule to be basal and 
orthotropous; morphological studies by Benson and Welsford (1909) produced evidence 
that the ovule is parietal and anatropous; Nast (1935) disagreed somewhat with these 
earlier authors in her findings and interpretation of the floral anatomy and suggests 
that the ovule is of a modified axile type; Manning (1940) believed that the ovule is 
terminal at the apex and center of an incomplete partition, hence derived from an axile 
condition where the ovules were clustered near the center of a normal or incomplete 
partition (such as in the Fagaceae or in Koelreuteria of the Sapindaceae). This is fur- 
ther evidence that the family is phyletically advanced and not at all a primitive taxon 
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at conclusions regarding the phyletic relationships within the family that were in 
essential agreement with the floral morphology studies of Manning. Heimsch 
(1944) reported that the pollen morphology of mernbers of the family supported 
his earlier conclusions as to the relationships of the genera. In his studies of the 
Amentiferae, Hjelmquist (1948) allied the Juglandaceae with and advanced over 
the Myricaceae (including both in the Juglandales). 

Economically the Juglandaceae are of major importance. Wood of many species 
is of considerable value: lumber from the black walnut {Juglans nigra) and the 
Circassian walnut {Juglans regia) is in demand for cabinet and furniture making, 
and lumber from the hickory {Cary a spp.) is sought for tool handles. The fruits 
of the English or Persian walnut {Juglans regia), black walnut, of species of 
hickory {Carya), and of the pecan {Carya illinoensis) are among the most val- 
uable food nuts of the country. Species of Juglans, Carya, Pterocarya, and Platy- 
carya are grown domestically for ornament, and the genus Englehardtia is a source 
of lumber highly valued in the orient. > 
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Order 11. BATIDALES 

A monotypic order with the characters of the family Batidaceae. One species 
of dioecious shrub with fleshy leaves, congested stout amentlike inflorences and the 
pistillate flowers with a 4-locular ovary. The evidence seems inadequate to justify 
close alliance of this taxon with any other family or order. Its ancestral stocks 
are not known and, like the Salicaceae, it stands alone, a morphologically much- 
reduced relic that is not the primitive dicot as interpreted by Engler and others. 

BATIDACEAE. BATIS FAMILY 

Low straggling maritime dioecious shrubs with strong-scented spreading or pros 
trate stems; leaves opposite, simple, sessile, fleshy and semiterete, entire, estipulate 
fli'Wers unisexual, actinomorphic, minute, in axillary sessile bracteate catkinlike oi 

Order 10, Julianales (one dioecious family) of Mexico and Peru, is not knowr 
to have representatives growing as exotics in this country. Current authorities, includini 
Hjelmquist, are agieed that, despite the pinnately compound leaves and superficial^ 
amentiferous features, it is not allied to the Juglandaceae nor to other families of th< 
Ame’itiferae. 
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conelike erect spikes, the pistillate spikes of 4-12 naked flowers, many, subtended 
by persistent imbricated bracts, the calyx shallowly 2-lipped campanulate and 
membranous; stamens 4 or 5, alternated with as many clawed and rhombately 
limbed staminodes (petals of some authors), the filaments distinct, the anthers 
dorsifixed, 2-celled, introrse, dehiscing vertically; pistillate flowers subtended by 
small deciduous nonimbricated bracts, lacking calyx and corolla, the pistil 1, the 
ovary superior, 4-loculed, each with a solitary basal anatropous ovule, the stigma 1 
and cushionlike; fruit a berry, those of each inflorescence coherent or connate in a 
multiple structure; seeds with large spatulate embryo and no endosperm. 



Fig. 108. Batidaceae. Batis maritima: a, flowering branch, X Vi; b, staminate inflores- 
cence, X 3; c, staminate flower, with bract, X 5; d, stamens and staminodes, X 5; e, pistil- 
late inflorescence, X 5; f, same, vertical section, X 8; ovary, cross-section, X 5. 


The family consists of the monotypic genus {Batis maritima) inhabiting littoral 
areas of tropical and subtropical regions of the New World and the Hawaiian 
Islands. It occurs in salt marshes on the Pacific coast from San Pedro, California, 
to the Galapagos Islands, and in similar habitats of the Atlantic coast from North 
Carolina to Brazil and the West Indies. 

The Batidaceae are distinguished readily by the succulent subterete opposite 
leaves, the dioecious character associated with the conelike axillary inflorescences, 
and the 4-loculed ovaries of the naked pistillate flowers. 

The phyletic position of this family is not known. Bessey placed it at the end ol 
his Caryophyllales, noting that “it very doubtfully belongs here.” Hallier allied it 
with the Chenopodiaceae and Hutchinson included it with the Hamamelidaceae. 
The Batidaceae have little or no relationship to either the Juglandales or Fagales 
as interpreted by Engler and by Hjelmquist. 

The family is of no known economic importance. 

LITERATURE: 

Hjelmquist, H. Studies on the floral morphology and phylogeny of the Amentiferae. 

Bot. Notiser, Suppl. 2: 1-171, 1948. 

Wilson, P. Batidaceae. North Amer. Flora, 21: 255, 1932. 


Order 12. FAGALES 

An order considered by Engler to contain the 2 families, Betulaceae and 
Fagaceae, but subdivided by Hjelmquist into 2 orders (Fagales and Betulales) and 
retained by him within the Amentiferae. It is distinguished in part by the inferior 
unilocular ovary containing 2 or more ovules. Most American botanists are agreed 
that the taxon has been derived from stocks ancestral to the Hamamelidaceae and 
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is advanced over that family, and evidence provided by studies of stem and floral 
anatomy and floral morphology is abundant to support the view that the order is 
not one of primitive dicote. 

^ETULACEAE."^ BIRCH FAMILY 

Deciduous monoecious trees and shrubs; leaves alternate, simple, stipulate 
(stipules often deciduous) serrate margined; cymules unisexual (cf. footnote 48), 
the staminate in pendulous catkinlike inflorescences, the nistyiate in short lateral o r 
ca pitate pendent or erect str obiloid inflorescen ces; the inflorescence of either sex 
is composed theoretically of a primary axis ^ which are arranged spirally many 
much-condensed cymules (the “flowers” of most texts); each cymule (theoreticall>0 
is comprised of a basal primary bract from the axil of which arises a secondary 
axis bearing a pair of secondary bracts and terminated by a flower, with a tertiary 
axis arising from the axil of each secondary bract and terminated by a flower sub- 
tended by a pair of tertiary bracts; the staminate inflorescence of ail genera is 
composed of 3-flowered cymules, but both tertiary bracts have been lost in Betula, 
Corylus, Carpinus, Ostrya, one tertiary bract lost in Alnus and all bracts except the 
primary lost in Ostryopsis; a perianth of ty pically 4. minute tepa ls subtends the 1-4 
stamens of each flower (as m' Alnus and Betula) but are absent in flowers of 
Carpinus, Corylus, Ostrya, Ostryopsis, the stamens per cymule number 2-20, the 
filaments are short, distinct or basally connate, the anthers 2-celled with cells 
separate or connate, dehiscing longitudinally; in the pistillate inflorescence, the. 
cymule is 2-flowered, except in Betula, which is 3 -flowered, all bracts are present in 
Carpinus, Ostrya, Ostryopsis, both tertiary bracts lost in Betula, a single bract lost 
in Corylus; the tepals are present in Carpinus, Ostrya, Corylus, Ostryopsis, and are 
obsolescent in Betula and Alnus; in each pistillate flower the pistil 1, the ovary 
inferior or nude,'*® 2-loculed below and 1-loculed above the placental septum, each 
locule with 2 ovules or reduced to 1 by abortion, attached axially from locule 
apex, the styles 2 and linear, each with a single stigma, or a single and deeply 
2-parted style; fruit a small nut or briefly winged samara, indehiscent, 1 -celled, 

1 -seeded, the see^ with large straight embryo, no endosperm. 

A family of 6 genera and over 100 species (representing the tribes Betuleae and 
Coryleae), mostly in the northern hemisphere, of which the following 5 genera have 
species indigenous to this country: Betula, Alnus, Corylus, Ostrya, and Carpinus. 
About 12 of the 40 species of Betula, 10 of the 30 species of Alnus, 3 of the 15 
species of Corylus, 1 of the 26 species of Carpinus, and 1 of the 7 species of Ostrya 
are indigenous to the more temperate regions of this country. 

The family is distinguished from related families by the basically cymose group- 
ing of the pistillate flowers on each bract, and the 2-celled inferior ovary. 

It was pointed out by Fernald (1945) and concurred with by Rehder (1946) that 
the name of Betulaceae for this family was antedated by the older and valid name of 
Corylaceae. The latter narfie has been adopted by these authors. Subsequently Little 
(1949) proposed that the name Betulaceae be conserved over all others. Some authors 
(Hutchinson, Hjelmquist, et al.) divide the family, treating it as composed of the Betula- 
teae (Betuleae) and Corylaceae (Coryleae). 

It must be remembered that this description is of a theoretical cymule, a type 
probably ancestral to any known existing types, and from which all living types differ in 
huving lost (by suppression or condensation) the secondary and tertiary axes and/or 
bracts, so that when dissected the bracts appear to be superposed one on another, and 
as noted below may be fewer than the total complement of the typical cymule. 

In some members of the family (as in Betula) there is no external evidence of a 
perianth, hence it is not possible to diagnose macroscopically the type of ovary position 
and t is designated as nude. 
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Fig. 109. Betulaceae. A, Alnus ruQosa: Aa, twjg with catkins, X I/2; Ab, staminate 
flowers, X 3; Ac, single staminate flower, X 5. B, Corylus Avellamr. fiuit, X 1/2. C, 
Carpuius carolituana. fruiting branch, X Vi D, Betida pendula: Da, twig with catkins, 
X Vi; Db, pistillate flowers, X 10; Dc, staminate flowers, X 3. E, schematic diagram of 
theoretical 3-flowered pistillate cymule ancestral to modern types. F, Carpitms japonica: 
Fa, schematic diagram of pistillate cymule; Fb, pistillate cymule. G, Betula Medwedtewii: 
Ga, schematic diagram of pistillate cvmule; Gb, pistillate cymule. H, Alnus cuspa: Ha, 
schematic diagram of pistillate cymule; Hb, pistillate cymule. (A,, A.„ A., primary, sec- 
ondary, and tertiary axes respectively; B^, Bo, B 3 primary, secondary, and tertiary bracts 
respectively; broken lines indicate absence of parts. (A-D from L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. 
Bailey. E-H redrawn from Abbe, 1935, by M. E. Ruff.) 

The phylogenetic position of the Betulaceae was considered by Hutchinson 
(1926), Tippo (1938) and others to be derived from hamamelidaceous stocks but 
to be more highly specialized than the Hamamelidaceae in all anatomical respects. 
Hjcimquist (1948) accepted it as representing 2 families belonging to the single 
order Betulales, which has arisen from stocks ancestral to the Fagales. There is 
considerable evidence to support the view that the reproductive structures are not 
simple but have flowers that are complex by reduction. Abbe (1935) has suggested 
that the present carpellary situation has been derived from a 3-carpellate ancestor 
— a situation that is presumed to have existed also for the Hamamelidaceae ^ 
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Economically the family is important for the hardwood lumber obtained from 
the birches {Betula); oil of betula extracted from twigs of Betula spp. has the 
flavor and odor of wintergreen, the edible hazelnuts and filberts are produced from 
Cory Ins spp., high-grade charcoal is made from the wood of Alnus and Betula, 
birch beer is made or flavored from the sugary sap of Betula spp., and the very 
hard wood of Ostrya is prized for mallets and beetles. 
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FAGACEAE. BEECH FAMILY 



Fig. no. Fagaceae. a, Fafjus svhatua: fruiting branch, X Vi. B, Castanea fnollissinta: 
fruit, X Vz. C, Quercus hoiealis: Ca, twig with staminate catkins, X 1 / 2 ; Cb, pistillate 
flower, X 3; Cc, staminate flower, x 3, Cd, acorn, X V 2 . (c cup, i involucre, n nut.) 
(From L. H. Bailey, Manual of atltivated plants, The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Liberty H. Bailey.) 

Deciduous or evergreen monoecious trees and shrubs (dioecious in Nothofaf*us)\ 
leaves alternate, simple, cleft, lobed, or entire, deciduously stipulate; flowers func- 
tionally unisexual (rarely bisexual), apetalous, the staminate solitary {Nothofaftus, 
Fagtis), in pendulous heads, or in catkinlike racemes, the pistillate solitary or few 
in clusters; staminate flowers with a 4-6-7 imbricately lobed perianth of tepals, 
stamens 4-40, filaments filiform, distinct, the anthers basifixed, 2-celled, the cells 
confluent, dehiscing longitudinally, the flower solitary on a bract or in cymules, a 
rudimentary pistil usually present; pistillate flower solitary within an involucre of 
generally many adnate and imbricated bracteoles or in a 2-3-flowered cymule with 
or without an involucre, pistil 1, the ovary inferior and adnate to which is a 
4-6-lobed perianth of tepals, 3-6-loculed with styles and carpels as mnny as the 
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locales, the placentation axile, the ovules 2 in a locale but 1 aborting, both basal 
or nearly so; fruit a 1 -seeded nut subtended or enveloped by a cupule or involucre 
which may or may not be muricate, bristly, or spiny; in some genera (as Castanea) 
3 nuts are present in the involucre; seed with a large embryo and no endosperm. 

A dominant family of 6 genera and about 600 species, mostly of temperate and 
subtropical regions of the northern hemisphere, but with Nothofagus (about 
14 spp.) restricted to the antarctic regions of the southern hemisphere, and Pasania 
(about 100 spp.) pantropical. The family is represented in the United States by 
1 Californian species of Lithocarpus (a genus of about 100 spp., mostly in south- 
eastern Asia), about 60 of the more than 300 species of Quercus, 1 of the 10 species 
of Fagus, 2 of the 10 species of Castanea, and (on the Pacific coast) by 2 of the 
30 species of Castanopsis. 

Members of the family are best recognized by the inferior tricarpellate ovary, 
and by the characteristic fruit which is always subtended or enveloped by a cupule 
or involucre. 

Most available evidence supports the view that the Fagaceae and Betulaceae are 
more closely related to one another than to other amentiferous families. Wettstein, 
Rendle, and Hutchinson retained them in the Fagales, whereas Bessey aligned them 
with the Betulaceae and Juglandaceae and treated the 3 to have been derived from 
sapindaceous ancestors. Hjelmquist (1948) segregated the famlies as 2 orders, 
Betulales and Fagales, and retained both within the Amentiferae — a taxon 'he 
accepted as an advanced phyletic unit. As a result of studies of floral morphology 
and anatomy, Berridge (1914) concluded the Fagaceae to have been derived from 
epigynous rosaceous ancestors. By a reinterpretation of her data, augmented by 
original anatomical findings, Tippo (1938) contended there was no serious barrier 
to interpreting them to have been derived from 3-carpelIate stocks that were ances- 
tral also to the present-day Hamamelidaceae. He placed both the Fagaceae and 
Betulaceae in the Fagales, with the Betulaceae as the more primitive. 

Economically the family is of importance for the lumber produced by its mem- 
bers throughout its range. The species of Quercus are sources of many kinds of 
oak lumber, from Fagus is obtained beech lumber, and from Castanea chestnut 
timber. Tannic acid is extracted from the insect galls of oak species, and commer- 
cial cork is obtained from the bark of Quercus suher. Species of Fagii^, Castanea, 
and Quercus are cultivated for their edible fruits. In this country there are culti- 
vated for ornament more than 65 spp. of Quercus, 1 spp. of Castanea, 5 of Casta- 
nopsis, 5 of Lithocarpus, 8 of Nothofagus, and 2 of Fagus. 
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with 4 (occasionally 3-5) stamens, opposite the perianth segments, the filaments 
distinct, bent inwards in bud and springing back elastically at anthesis, releasing 
pollen in a sudden burst, the anthers 2-celled dehiscing longitudinally, a rudimentary 
pistil often present; pistillate flowers with single pistil, the ovary superior or inferior 
(free or adnate to perianth), 1-loculed, 1-carpelled, the ovule solitary, seeming 
basal and falsely orthotropous by a shifting in position from the locule apex, the 
style 1, the stigma 1 and often a brushlike tuft, scalelike staminodes often present 
at base of pistil; fruit an achene or drupe, often enclosed by the persistent perianth; 
seed with straight embryo surrounded by oily endosperm. 

A family of about 42 genera and nearly 600 species, mostly tropical and sub- 
tropical, with nearly 40 per cent of its components in the New World. The largest 
genus is Pilea with about 200 mostly South American species. Five genera are 
represented in our native flora: Urtica, by 3 of 35 spp.; Boehmeria, by 5 of 80 
mostly tropical spp.; Pilea (Adicea), by 3 of over 200 tropical spp.; Laportea 
(Urticastrum), by 1 of 45 mostly tropical spp.; Hesperocnidey by 1 of 3 spp.; and 
Parietaria, by 2 of 7-8 spp. The family is widely distributed over the country but 
is less common in the southwest and is represented only by 3 genera and 8 spp. on 
the Pacific coast. 

The Urticaceae are distinguished from other families of the order by the stinging 
hairs (when present), the unicarpellate ovary terminated by a single style, the 
solitary basal orthotropous ovule, and the cymose inflorescences on short axillary 
shoots. 

Within the Urticales the family is concluded to be the most highly advanced, 
as evidenced by the complete loss of a second carpel, the shifting wf the ovule from 
a terminal to a basal position (Bechtel, 1921), and the development of the 
herbaceous habit from the arborescent (the latter the more characteristic of the 
order). 

Economically the family is of little importance. Ramie {Boehmeria nivea) is a 
commercial source of fiber used in cordage, species of Pilea and of Pellionia are 
grown under glass as novelties, and young herbage of many temperate species may 
serve as a source ^f edible greens. 
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Order 14. PODOSTEMALES 

A monotypic order having the characters of the family Podostemaceae. Engler 
trepted the taxon as the primitive suborder of the Rosales until the last revision of 
the system (1936), when it was reinterpreted to be of an even more primitive 

The name of the order was given as Podostemonales by Engler and Diels and mosi 
predecessors. Sprague has pointed out (Kew Bull. 1933, p. 46) that since the type 
genus is Podostemum the correct name of the family is Podostemaceae, a conservec 
name (vice Podostemonaceae) . For this reason the name Podostemales is adopted. 
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alliance, and the terminal order of the line containing the Fagales and Urticales 
(from which it differed in part by the numerous stamens and absence of endo- 
sperm). This view has not been held by most botanists, who consider it a highly 
reduced aquatic and presumably with rosalian affinities. 


PODOSTEMACEAE.''® RIVER WEED FAMILY 



Fig. 114. PoDOSTEMACEAE. Oscrya Coulteriana: a, plant in flower on exposed rock, X Vi; 
b, inflorescence, X 314; c, flower, habit, X 8; d, pistil, vertical section, X 8; e, ovary, 
cross-section, X 8; f, fruit, X 6. (Drawn from material, courtesy H. E. Moore, Jr.) 


Herbaceous mosslike perennial aquatics, usually attached to stones by adhesive- 
secreting polymorphic, often thalluslike, photosynthetic, creeping roots; growing 
mostly in running water and often under waterfalls; primary axis small, branching 
into a dorsiventral thalluslike structure with filiform to laminate segments, secondary 
leaf-bearing branches usually produced, milky latex present in many species; leaves 
alternate, usually simple, linear to lamellate, often basally sheathing; flowers usually 
produced only when plants are exposed by low water, bisexual, zygomorphic, very 
minute, fragrant, entomophilus, solitary and terminal on an elongated pedicel or 
cymose, perianth undifferentiated into calyx and corolla, sometimes of 2-3 distinct 
or basally connate segments (bracts?) or the parts wholly united and then spathe- 
like with an inner whorl of minute bractlets, the bud enclosed in a capsulelike 
structure (spathella); the stamens 1-4 or numerous, hypogynous, in 1-several 
whorls, the filaments basally connate, arising from ventral side of pistil, the anthers 
typically 4-celled at anthesis, introrse, 1 staminode on each side of the stamens; 
pistil 1, the ovary superior, sessile or briefly stalked, usually 2-3-locuIed and -car- 
pelled, the placentation axile (sometimes the ovary 1-loculed with free-central 
placentation), the ovules numerous and anatropous, integuments 2, the styles 2-3, 
filiform or very short, often strongly papillate, usually distinct, the stigmas as 
many as styles; fruit a septicidal capsule; seeds numerous, minute, no endosperm 
present. 

A moderate-sized family of 43 genera and about 140 species, distributed pan- 
tropically and with a few extensions into north and south temperate regions of all 
continents. It is represented in this country by the indigenous Podostemum cerato- 
phylliini that ranges from western Quebec southward to Georgia and southwestern 
Arkansas. Fassett (1939) treated P. ahrotanoides as a form of P. ceratophyllum 
lacking any disjunctive distribution. The genus Oserya (4 spp.) is South American, 
except for O. Coulteriana of Mexico. 

The members are identified readily by their occurrence in streams of running 
\\ater where they are attached to rocks, by their mosslike or lichenlike appearance, 
and their minute flowers cymose or solitary pn long pedicels from a usually spathe- 
like envelope. 

The phylogenetic position of the family was considered by Warming (1890) 
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and later by Engler to be close to the Saxifragaceae. More recently and on the 
basis of the embryology. Maheshwari (1945. pp. 31-32) has concluded that it is 
“almost certain that the Podostemaceae are much reduced apetalous derivatives 
of the Crassulaceae.” Hutchinson (1926) placed the family, together with the 
Hydrostachyaceae. in the order Podostemonales with the notation (p. 13) “possibly 
very much reduced apetalous types of Saxifragales. with peculiar habit, but position 
altogether problematical.” 

The plants are of no economic importance. The morphology of their vegetative 
parts is highly variable and their life history is unusual and provides an interesting 
study (see Willis, 1902, and Arber, 1920). 
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Order 15. PROTEALES 

A monotypic order with the characters of its 1 family Proteaceae. The cyclic 
flowers are mostly 2-merous, bisexual or unisexual, the stamens opposite the 
petaloid perianth segments and usually adnate to them by the filaments, and the 
seed lacks endosperm. Hallier accepted Engler’s view of primitiveness for the order 
and considered it derived from his Proberberideae. Bessey expressed doubt as to its 
relationship, and placed it in the Sapindales as phyletically more advanced than 
amentiferous families also assigned to the Rosales. Rendle, following Engler, 
placed the order between the Urticales and Santalales, noting that it was difficult 
to associate it phyletically with other orders. Hutchinson (1948) considered it a 
terminal taxon derived from stocks ancestral to the Thymelaeaceae. These views 
are divergent and are evidence of need of much further study on the phylogeny of 
the order. For the present it can only be noted that the order is not basically 
primitive, but cannot yet be allied closely with any other existing order. 

PROTEACEAE. PROTEA FAMILY 

Trees and shrubs, rarely herbaceous, occasionally dioecious; leaves alternate, 
rarely opposite or whorled {Macadamia), simple, entire or pinnately cut, estipu- 
late; inflorescence a usually showy bracteate head, spike, or raceme; flowers bi- 
sexual (unisexual by abortion in Le^cadendron) , actinomorphic or zygomorphic, 
the peiianth uniseriate, consisting of a petaloid hypogynous tetramerous and mostly 
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gamosepalous calyx, valvate but variously split on opening of the bud; stamens 4, 
opposite the calyx lobes, the filaments usually adnate to calyx tube or lobes and 
not distinct, the anthers 2-celled, distinct, dehiscing longitudinally; the pistil 1, with 
or without basal scales or disc, usually on a gynophore, the ovary superior, 
1-Ioculed, 1-carpelled, the ovules 1-many, placentation parietal or the solitary ovule 
pendulous, the style 1 and slender, the stigma 1, often bulbous; fruit a follicle, 
achene, samara, or drupe, in Banksia the follicles borne in a large woody cone- 
like fruiting inflorescence; seeds without endosperm, sometimes winged. 



Fig. 115. Proteaceae. Grevillea rohusta: a, inflorescence and leaf, X Vi; b, flower, X 1; 
c, ovary, cross-section, X 10; d, flower (before anthcsis), vertical section, X 2; e, same, 
habit, X 1; f, inflorescence, X Vi. (From L. H. Bailey, Manual of cultivated plants, The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

A dominant family of mainly the drier regions of the southern hemisphere, 
composed of about 55 genera and 1200 species. Of this number about 15 genera 
and 475 species occur in South Africa {fide Phillips), and many genera and about 
700 species are native to Australia. The family is not represented in the northern 
hemisphere (Abyssinia the most northern occurrence) except when cultivated or 
naturalized from cultivation. 

The Proteaceae are distinguished by the usually 4 stamens opposite the same 
number of perianth segments and the filaments adnate to them, by the parietal 
pl.'icentation, and by the flowers often aggregated into heads and enveloped by 
large densely hairy or showy bracts. 

The family is important domestically for its ornamentals, and about 20 genera 
and 100 species are offered in the American trade. They are cultivated primarily in 
California. The Queensland nut {Macadamia) is popular in Hawaii for its fruit, an 
edible delicacy, and the species is grown to a small extent in southern California. 

Order 16. SANTALALES 

The Santalales are distinguished from allied taxa by the flowers usually uni- 
sexual (often bisexual in Olacaceae), the perianth parts smaller and opposite the 
adnate stamens, and the seed with endosperm. 

Engler and Diels treated them as composed of 2 suborders and 7 families as 
follows (families preceded by an asterisk not treated in this text): 


Santalineae 


Loranthineae 

Olacaceae 

♦Grubbiaceae 

Loranthaccae 

*Opiliaceae 

Santalaceae 


* Octoknemataceae 

♦Myzodendraceae 



Bessey placed the families of the order ^gh up in his Celastrales and derived 
them from rosaceous ancestors. HutchinsofITOkewise treated them as derived from 
the Celastrales. Rendle considered' them allied to ProtMlp^j. “HiflFpnna m»in1v in 
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the inferior ovary.” Results of morphological studies by Smith (1942) were in 
accord with views of Engler and of Schellenberg that the Olacaceae are more 
primitive than the Loranthaceae and that both belong in the Santalales. Schellen- 
berg (1942) concurred with most of Engler’s internal classification of the order 
but rejected the view that the taxon could contain families of parasites and at the 
same time be a relatively primitive dicot. (For references, see under Santalaceae.) 


OLACACEAE. OLAX FAMILY 



Fig. 116. Olacaceae. Ximema americana: a, flowering branch, X V^; b, flower, habit, X 2; 
c, same, vertical section, X 2; d, ovary cross-section, X 4. (b and c redrawn from Britton 
and Sargent respectively.) 


Trees, shrubs, or vines; leaves usually alternate, simple and mostly entire, estipu- 
late; inflorescence cymose or a thyrse; flowers usually bisexual (the plants some- 
times polygamodioecious), the perianth biseriate, the sepals 4-6, imbricate or open 
in bud, the petals 4-6, distinct or variously connate, valvate; stamens 4-12, oppo- 
site the petals >^en of same number, distinct or rarely monadelphous, some 
occasionally antherless staminodes, the anthers 2-celled, dehiscing longitudinally or 
by porelike apical slits; disc present, often annular; pistil 1, the ovary superior 
(sometimes seemingly inferior by adnation to the surrounding disc), the carpels 
and locules 3-4 or sometimes the locule 1 by incomplete septation, the placentation 
typically axile (free-central from locule apex when unilocular), the ovules solitary 
in each locule, pendent, the style 1 with a 2-5-lobed stigma; fruit a berry or drupe, 
often surrounded by the persistent enlarged calyx; the seed with copious endosperm. 

A primarily pantropical family of about 25 genera and 150 species. Olax (35 
spp.) of the Old World tropics is one of the largest genera. Two genera are repre- 
sented by species indigenous to peninsular Florida, Schoepfia (15 spp.) by 5. chry- 
sophylloides, and Ximenia (5 spp.) by X. americana. 

The Olacaceae are distinguished from other families of the order by the stamens 
usually twice as many as the petals or more, the ovary superior, and the ovules 
freely pendulous from the placenta. 

The family is of no known economic importance in the United States. 


SANTALACEAE. SANDALWOOD FAMILY 


Trees, shrubs, or herbs, a few genera monoecious or dioecious, some parasitic on 
roots or on branches of trees; leaves ;5imple, mostly opposite, sometimes alternate, 
entire, foliaceous or reduced to scales, estipulate; the inflorescence various, usually 
a raceme, spike, head, dichasium, or the flowers solitary in leaf axil; flowers minute. 
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regular, bisexual or unisexual, the perianth uniseriate, sepaloid or petaloid in 
character and the segments valvate and distinct or hasally connate, usually 
4-5-Iobed; stamens of same number and opposite to the perianth segments, attached 
at perianth base or on its cup, the filaments short, the anther 2-celled, basifixed, 
dehiscing vertically; pistil 1, the ovary mostly inferior and embedded in receptacular 
tissues or superior and borne on or surrounded by a nectar-secreting receptacular 
disc which may have lobes projecting between the stamens,"’** 1-loculed, the carpels 
3-5 (rarely 2), the ovules 1-5 but usually 3 (only 1 maturing), borne pendulously 
on ovary floor, the integument one or none, the placentation basal, the style 1 and 
terminal, the stigma 1 and capitate or 3-5-lobed; fruit an achene or drupe; seed 
without testa, the embryo straight, endosperm fleshy. 



Fig. 117. SANTALACfeAF. A, Buckleya distichophylla: Aa, flowering branch, X 14; Ab, 
staminate inflorescence, X 2; Ac, staminate flower, X 8; Ad pistillate flower. X 3. i5, 
Commandra umbellata: Ba, ovary vertical section. X 3, bb, same, cross-section, X 3. 


A family of 26 genera widely distributed throughout temperate and tropical 
region >. The number of species as recognized by various authors varies from 250 
(Engler and Gilg) to 600 (Rendle). It is represented in the United States by 4 
genera: Coniandra, distributed over most of the country by 1 or more of the 4 
indigenous species (a fifth species native to Europe); Buckleya, by 1 of its 5 species 
(otheis in eastern Asia), a dioecious shrub of North Carolina and Tennessee; 
Nestronia, a monotypic endemic shrub (polygamodioecious) of southeastern U. S.: 
Pyrahiria, a dioecious shrub or tree with 1 of its 2 species (the other in the 
Himalayas) in mountainous woods from Pennsylvania to Georgia. 

The members of the family are distingu’shed by the placental situation, the 
ovule integument reduced to 1 or absent, the 3-5-carpellate ovary, and the seed 
without seed coat. It differs from the allied Lomnthaccae in the plants being non- 
parasitic or parasitic only on roots of a host, and in the ovary usually with 3 ovules. 

The Santalaceae undoubtedly are most clcsely allied to the Loranthaceae (the 
families were united by Baillon), and because of the 4-5-merous flower and less 
complicated floral and fruit morphology is the less advanced. The Santalaceae were 
divided into 3 tribes by Engler and Diels on the basis of ovary position and the 
character of the disc. 

Economically the family is of little domestic importance, and only Buckleya and 
Pyrularia are cultivated (infrequently) as novelties. In the tropics and subtropics. 

^*In some genera (as Santalimi) an hypanthiumlike cup surrounds the pistil. It has 
been shown by Smith (1942) that, contrary to the usual situation, this is not an hypan- 
thium of foliar parts but is receptacular in origin, with the perianth segments anft 
r.tamens originating from or near its rim. 
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ARISTOLOCHIACEAE.^^ BIRTHWORT FAMILY 



Fig. 119. Aristolochiaceae. Aristolochia durior: a, flowering branch, X Va; b, flower, 
X Vi; c, flower, perianth excised, X 1; d, same, in vertical section, perianth removed, X 2; 
e, ovary, cross-section, X 6. (From L. H. Bailey, Manual of cultivated plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Low herbs, or more commonly woody usually scandent shrubs; leaves alternate, 
simple, entire, petioled, estipulate; flowers bisexual, actinomorphic {Asarum) or 
zygomorphic (Aristolochia), solitary, in axillary clusters, or racemose, the perianth 
usually a lurid petaloid gamosepalous calyx, variously 3-lobed or unilateral, often 
bizarrely colored and fetid, occasionally (in Asarum) an inner whorl of 3 minute 
teeth (vestigial corolla?) present; stamens 6-36, free or adnale to style and pro- 
ducing a column or gynostemium, the filaments short and thick when present, 
the anthers free or adnate to style, 2-celled, dehiscing longitudinally; pistil 1, the 
ovary inferior (rarely half inferior), of mostly 4-6 locules (sometimes incompletely 
so), the carpels 4-6, the placentation axile, each locule with several to many 
anatropous ovules, the style 1, short and stout, the stigmas as many as carpels; 
fruit a septicidal capsule, often dehiscing basally (parachutelike); seeds variable 
in form, the embryo minute, the endosperm copious. 

A primarily tropical family with a few members throughout most temperate 
regions, composeef of 6 genera and about 400 species. Two genera are represented 
by species indigenous to North America: Asarum (incl. Hexastylis) by perhaps 6 
of its 15 species, with 1 in the Pacific coast states and the others in the east; 
Aristolochia (an essentially tropical genus of about 300 spp.) by about 7 spp. over 
much of the country but not common. 

The family is distinguished by the usual adnation of stamens to style, the gen- 
erally 6-loculed more or less inferior ovary, and the flowers lacking a corolla (or 
essentially so), but the calyx usually enlarged and petaloid and often of bizarre 
trumpetlike or bell-like shapes. 

Hutchinson (1948), who placed the family as a terminal derivative from the 
Ranales via herbaceous members of the Berberidaceae, pointed out that relation- 
ship, not obvious from study of temperate Aristolochiaceae, becomes more evident 
from examination of such genera as Saruma with its conspicuous petals and separate 
pistils and its ranalian wood anatomy. It is presumed that the more or less woody 
climbing members of the family may have been derived from the herbaceous. 

Economically the family is of slight importance for its several ornamental 
species of Dutchman ’s-pipe, pelican flower, or birthwort (Aristolochia), and wild 
ginger (Asarum). 

LITERATURE: 

Peatiie, D. C. How is Asarum pollinated? Castanea, 5: 24 29, 1940. 

"""" The name Asaraceae Link was accepted by J. K. Small for this family, but Aris- 
tolochaceae (de Jussieu, 1830), is the conserved name for the taxon. 
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RAFFLESIACEAE.®® RAFFLESIA FAMILY 



Fig. 120. Rafflesiaceae. Pilostyles Thurberi: a, branch of host with flowering staminate 
plants, X IVi; b, staminate plant on host, X 5; c, staminate flower, habit, X 8; d, same, 
vertical section, X 6; e, pistillate plant on host, X 1; f, pistillate flower, vertical section, 
X 1; g, ovary, cross-section, X 1. (e g, after Torrey.) 

Usually dioecious or monoecious fleshy herbs, parasitic on roots and branches of 
various hosts; the vegetative body thalloid or reduced to myceliumlike tissues that 
in^de the host; leaves usually scalelike; flowers minute to large (Rafflesia Arnoldii 
of Malaya produces a flower to 20-36 in. across and we^hine to 20 pounds , the 
largest flower known ) rsolitary . iinisexnal^c alvx of 4-1 Q distinct or basallv connate 
segments, sometimes petaloid, corolla absent; staminate flowers with an indefinite 
number of stamens, t he anthers sessile, usually T^elle d. dehiscing b y slits_o r apicai 
pores ; pistillate flower with a single pistil, the pvary inferipr to halt intoior . uni- 
looTlar, the carpels 4-6-8, the pl acentation paHet al, the ovules numerous, the in- 
Tegiimcnt ITthe styi6 lor none, the stigma discoj d, capitate or tff manylob es or 
surfaces; fruit a berry , the seed with endosperm 

’ A primarily subtropical family of 7 genera and 27 species, mostly in the Old 
World, but Apodanthes occurring in South America and Pilostyles in Mexico with 
2 species extending northward from Mexico and Baja California into New Mexico 
and southern California. The plants are of no economic importance. 

LITERATURE: 

Solms-Laubach, H. von. Rafflesiaceae. In Engler, Das Pflanzenreich, 5 (IV. 75): 1-19, 
1901. 


Order 19. POLYGONALES 

An order containing the single family, Polygonaceae, characterized by the usually 
bisexual flowers possessing a superior unilocular uniovular 2-4-carpellate ovary and 
the fruit a nutlet or achene. Bessey included the family as an advanced taxon of 
his Caryophyllales, while Hallier, recognizing similar affinities, included both taxa 
in his Centrospermae. The position accorded the order parallels that of Fngler. 
Hutchinson considered it and his order Chenopodiales as “reduced degraded types 
of Caryophyllales,” with it and the Chenopodiales representing the termination of 
a line descended from the Ranales via caryophyllaceous ancestors. Undoubtedly 
the Polygonales are from caryophyllaceous stocks. 

The name Rafflesiaceae R. Br. (1845) has priority over Cytinaceae Hook. f. (1873). 

Order 18, the Balanophorales (containing the single family, Balanophoraceae), has 
no representatives known to occur in this country. 
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Fig, 121 . PoLYGONACEAt. A, Fagopyrum sagitiatum: fruit, X 2. B, Riimex Patit*tit\a\ fruit, 
X 2. C, Polygonum cuspidatuni". Ca, portion of inflorescence, X Vi; Cb, flower, face 
view, X 5; Cc, flower, vertical section, X 5; Cd, stem, node and ochrea, X Vi; Ce, fruit, 
X 1. (From L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. 
Copyright 1924 and 1949 by Liberty H. Bailey.) 

Herbs, shrubs, or rarely trees, sometinnes twining; stems often with swollen 
nodes, occasionally geniculate; leaves alternate (rarely opposite), simple, usually 
(except in Eriogoneae) with a sheathing stipular growth (ochrea) at petiole base; 
flowers usually bisexual (when unisexual, the plants monoecious or dioecious), 
actinomorphic, basically in cymes or cymules that often are disposed in racemes, 
panicles spikes or heads, the perianth biseriate with usually 3, 4, 5, or 6 distinct 
undifferentiated tepals . (2 whorls of 3 each the basic situation, the 5-tepal 
condition representing usually a fusing of 1 of the inner and 1 of the outer 
whorls), the inner sometimes enlarged or modified with hooks, spines, wings, or 
tubercles, the tepals ofteil persistent, enlarged, and membranous in fruit; the stamens 
mostly 6-9 in basically 2 series (the 6 outer often introrse, the 3 inner extrorse), 
the filaments free or basally adhate, the anthers 2-celled, dehiscing longitudinally; 
pistil 1, subtended by an annular (often lobed) nectar-secreting glandular disc, the 
ovary superior, se?sile, compressed or 3-angled, 1-loculed (sometimes falsely 3- 
loculed), the carpels 2, 3, or 4, ovule 1 and seemingly basal, the style 1, the stigmas 
2-4; fruit a flat angled or winged achene; seed with usually a curved embryo and 
copious mealy endosperm. 

A family of about 32 genera and 800 or more species, mostly of temperate 
distribution primarily in the northern hemisphere. Polygonum occurs on all con- 
tinents, but most genera are of restricted distribution, and several are localized 
endemics. In this country the family is represented by 14 genera, 4 monotypic, and 
restricted to California and/or adjoining states (Pterostegia, Gilmanici, Netnacaulis, 
Hollisteha), the others primarily of western American arid lands and include 
Lastarriaea, Chorizanthe (50 spp. — 35 in southwest), Oxy theca (9 spp.), Eriogonum 
(perhaps 150 spp.), and Emex, an adventive monoecious Mediterranean plant. 
Genera of more general distribution in this country include Polygonum (200 spp., 
about 70 indigenous), Rumex (150-30), Polygonella (5-3), Brnnnichia (1 spp. 
here, a second in west Africa), Coccoloha (125 of tropical American spp., 2 indig- 
enous), and Oxyria (1 sp. here, the other Himalayan). Some American authors 
(notably Small, Rydberg and their devotees) have accepted the subdivisions of 

®®Wide divergence of opinion is represented in the literature as concerns the floral 
descriptions for the family. The evidence and conclusions of Laubengayer (1937), Lund- 
blad (1922), and Geitler (1929) have been considered in the drafting of the descrip- 
tion of this family. Literature dealing with the morphology and anatomy of members 
of the family was reviewed by Vautier (1949), whose own researches were essentially in 
accord with the findings by Laubengayer. 
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Polygonum and treated its species as representing several genera (including 
Avicularia, Persicaria, Bistorta, Tovara, and Ttniaria).*^ 

The family is characterized by the presence of the nodal ochreas (or in their 
absence, by the involucrate heads), the unilocular ovary with its solitary basal ovule, 
and the l-sieeded fruit with a usually S-shaped embryo. The arctic and subarctic 
Koenigia (also Himalayan) is the only genus outside the Eriogoneae not possess- 
ing an ochrea. 

In some genera the perianth parts clearly are biseriate while in others they 
seemingly are spirally arranged, but it was believed by Laubengayer (1937) that 
the “fundamental plan is trimerous and whorled,” and he concluded that “the 
apparent spiral condition, which is found in the perianth of some forms, is funda- 
mentally a whorled one as definitely shown by anatomical study. This condition 
is made possible by the fusing of an outer tepal with an inner one.” He was of 
the opinion that the base of the ovary locule was not the base of the ovary, and 
that the lower third is filled in with ovarian tissue, with the result that the solitary 
seemingly basal ovule is in fact a terminal ovule persisting from unknown ancestral 
forms that had a multiovulate free-central type of placentation, and that the present 
apparent funiculus is actually “a free central placenta which is greatly reduced.” 
From these data Laubengayer concluded the family to be allied to and phyletically 
more advanced than the Caryophyllaceae. Hutchinson has also indicated a similar 
derivation, as did Bessey. 

The Polygonaceae are not an economically important family. Domestically the 
buckwheat (Fagopyrum) and rhubarb (Rheum) are important for food. The 
remainder are mostly ornamental or noxious weeds. Notable among the orna- 
mentals are the mountain-rose vine (Antigonon), the silver-lace vine {Polygonum 
Aubertii). sacaline, a coarse perennial (Polygonum sachalinense), and the sea 
grape (Coccoloha Uvifera), 

LITERATURE: 

BRbNC'KiL, J. F. Notes on Polygonum. Phytologia, 2: 402 406, 1948. 

EMBhRGtR, L. La structure de la fleur des Polygonacees. C. R Acad. Sc. 208: 313 317 
1939. 

Giutler, L. Zur Morphologic der Bluthen von Polvgomon. Oeslcrr. Bot. Zeit. 78: 229- 
241, 1929. 

Goodman, G. J. A revision of the North American species of Chorizanthe. Ann. Mo. 
Bot. Gard. 21: 1 -102, 1934. 

Hedberg, O. Pollen morphology in the genus Polygonum L. s.lat. and its taxonomic 
significance. Svensk Bot. Tidsk. 40: 371 404, 1946. 

Josni, A. C. The nature of the ovular stalk in Polygonaceae and some related families. 
Ann. Bot. n.s. 2: 957-959, 1933. 

Laubengayer, R. A. Studies in the anatomy and morphology of the polygonaceous 
flower. Amer. Journ. Bot. 24: 329-343, 1937. 

Lundblad, H. Uber die baumechanischen Vorgange bei dem Entstehen von Anomomeri 
bei homochlamydeischen Bliiten. Lund. 1922. 

Mitra, G. C. The origin, development and morphology of the ochrea in Polygonum 
orientate L. Journ. Indian Bot. Soc. 24: 191-200, 1945. 

Hedberg (1946) found the pollen morphology of these generic segregates to be 
sufficiently distinct to enable him to classify the species as belonging to one of the 
following 7 genera: Koenigia, Persicaria, Polygonum (s. str.), Pleiuopteropyrum, Bis- 
torta, Tiniaria, Fagopyrum. Keys based on pollen types and on gross morphological 
characters of the plant were provided. 

In an opposing opinion, based on studies of the presumed related multiovulate 
genera of Amaranthaceae, Joshi (1933) held that a true funiculus is present in the basal 
ovule of Polygonaceae and that “the unusual vascular supply of the funiculus is to be 
explained by the fact that the ovule in the Polygonaceae terminates the floral axis.” 
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Rechinger, K. H. Jr. Vorarbeiten zu einer Monographic der Gattung Rumex I. Bot. 
Centralbl. Beih. 49: 1-132, 1932. 

.The North American species of Rumex. Field Mus. Nat. Hist., Bot. Ser. 17: 

1 151, 1937. 

Small, J. K. A monograph of the North American species of Polygonum. Mem. Bot. 
Columbia College, 1: 1-183, 1895. 

Stanford, E. E. The amphibious group of Polygonum, subgenus Persicana I. Rhodora 
27: 109 112; 11, op. at. 125 130; III, op. at. 146 152; IV, op. at. 156 166, 1925. 
Stewart, A. N. The Polygoneae of eastern Asia. Contr. Gray Herb. 88: 3 119, 1930. 
Stokes, S. G. The genus Enogonum, a preliminary study based on geographic distri- 
bution. San Francisco, Cal., 1936. 

Vautier, S. La vascularisation florale chez les Polygonacees. Candollea, 12: 219 343, 
1949. 

Wheeler, L, C. Polygonum Kelloggu and its allies. Rhodora, 40: 309 317, 1938. 
Wodehouse, R. P. Pollen grains in the identification and classification of plants. VI. 
Polygonaceae. Amer. Journ. Bot. 18: 749-764, 1931. 


Order 20. 

An order containing the Chenopodiaceae^ Amar^tha ceae , Nyctajinaceae, 
Phytolaccac^ae, *Gyrostemonaceae, ^Adhafocarpaceae, Aiz oacc^ ^ Poxtulacaceae; 
Basellaceae, and Caryophyllaceae. (Family names preceded T)y an asterisk T*T are 
not treated in this In the centrospermae, the periantlTls tj'picTilly biscriate, 
the embryo generally coiled or curv ed; and the superio r ovary typical ly unilocular. 
Bessey designated it the Ca ryopHyliaJes derive d ifroTfr ranalian ancestors; Hamer 
accepted Engler’s name Wt greatlv~expande (3"I!s ciTCTimscrtptwrr'a^ffd 'deri^^ it 
largely from his ranalian Podophylleae; JVettstein followed Engler but included 
also the Cactaceae, as allied to the Aizoaceae; and Hutchinson recognized these 
families as representing 2 orders, the primitive Caryophyllales (derived from 
ranalian stocks) aivi the Chenopodiales (much advanced over and* derived from 
the Caryophyllales), 

, ' z' ■* 

CHENOPODIACEAE. Vi OOSRFOQT FAMI I^ 

Predominantly halophytic annual or perennial herbs, shrubs, or rarely small 
trees (in Haloxylon), sometimes with fleshy nodal or jointed nearly leafless stems; 
leaves usually alternate, rarely opposite (in Salicornia, Nitrophila), simple, very 
fleshy and terete in some or reduced to scales in others, estipulate; flowers often 
bracteate, bisexual, or unisexual and the plants dioecious (as in Grayia) or monoe> 
cious {Sarcobatus) , minute, greenish, mostly actinomorphic, usually in small dense 
dichasial or unilateral cymes, the perianth uniseriate, typically of 5 (varying from 
2-5) connate sepals (sometimes absent in staminate flowers), usually persisting 
in fruit; petals absent; stamens as many as calyx lobes and opposite them, inserted 
on a disc on the calyx or hypogynous, the filaments usually distinct, the anthers 
2-celled, incurved in bud, dehiscing longitudinally; pistil 1, the ovary usually 
superior or (in Beta) inferior, 1-loculed, 2-3-carpelled, the ovule solitary, erect or 
suspended from a basal funiculus, campy lotropous, the styles 1-3, the stigmas 
mostly 2-3; fruit an indehiscent nutlet, several often aggregated together by con- 
nation of somewhat fleshy calyces; seed with a peripheral or coiled embryo sur- 
rounding the endosperm (the latter little or none in Salsola, Sarcobatus, and 
Suae da), 

A family of about 102 genera and 1400 species, of world-wide distribution but 
with centers in xerophytic and halophytic areas especially on the prairies and 
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plains of North America, the pampas of South America, the shores of the Red, 
Caspian, and Mediterranean seas, the central Asiatic basin, the South African 
karroo, and the salt plains of Australia. The family is represented in the United 
States by about 22 genera. Several (as Salsola, Salicornia, Suaeda) are indicators 
of saline habitats and are cosfnopolitan in distribution. About 18 genera are repre- 
sented in the western states (endemic genera being Nitrophila, Aphanisma, Mono- 
lepis, and Allenrolfea). The largest genera include Cheno podium (represented by 
30 of its about 100 species) and A triplex (by about 6 of its 36 species). 

The Chenopodiaceae are distinguished from related families by the fleshy habit 
(when present), the absence of scarious bracts, the 1-loculed, 1-ovuled, and 2-3- 
carpelled ovary, and the embryo surrounding the endosperm or spirally coiled. 



Fig. 122. Chenopodiaceae. Beta vulgaris: a, garden beet foliage and root, reduced; b, 
flowering stem, X V 20 ; c, flower, X 10; d, same, vertical section, X 10; e, anther, dorsal 
side, X 20; f, fruit, X 3; g, same, vertical section, X 3; h, seed, X 3. (c-e after LeMaout and 
Decaisnc.) (From L. H. Bailey, Manual of cultivated plants^ The Macmillan Company, 
1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


The family was divided by Ulbrich (1934) into the Cyclobeae (embryo annular 
or conduplicate) and Spirolobeae (embryo coiled spirally), and thence into 8 sub- 
families and 14 tribes. The American genus Nitrophila, and the genera of the 
Chenopodioidcae and the Salicornioideae were included in the more primitive 
Cyclobeae, and those of the subfamilies Sarcobatoideae, Suaedoideae, and Salsoloi- 
deae were included in the Spirolobeae and in that phyletic sequence. 

Economically the family is of minor importance, with the garden beet (Beta 
vulgaris) a commercial source of sugar (sucrose) and a root vegetable, followed 
in importance by the potherbs spinach (Spinacia oleracea) and Swiss chard (Beta 
vulgaris var. Cicla). Oil of wormwood, a vermifuge, is obtained from seeds of 
Chenopodium anthelminticum. A few members are grown as ornamentals, notably 
cypress spurge (Kochia). 

LITERATURE: 
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Fig. 123. Amaranthackae. A, Amatanthiis caudatus: flowering branch, reduced. B, 
Gomphrena alobosa: Ba, flowering branch, X i/ 2 ; Bb, flower with involucre, X 2; Be, 
flower, vertical section, X 3. C, Celosia araentea var. enstata: flowering branch, X Vt. 
(From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Liberty H. Bailey.) 

Annual or perennial herbs (rarely shrubs), trees, or vines; leaves alternate or 
opposite, simple, generally entire, estipulate; flowers bisexual or less often unisexual 
(the plants then polygamodioecious or strictly dioecious), actinomorphic, each sub- 
tended typically by a membranous to scarious persistent bract and 2 similar 
bractlets (bracteoles of some authors), solitary racemose or spicate, peiianth 
uniseriate, a calyx of 3-5 free or partially connate more or less dry and mem- 
branous sepals; stamens generally 5, opposite sepals or calyx lobes, the filaments 
usually connate for part or all their length into a membranous tube, lobes or 
petaloid enations (simple or fringed) may alternate with the anthers, each anther 
4-ccIled at anthesis (Amaranthoideae) or 2-cel led (Gomphrenoideae), dehiscing 
by logitudinal slits; pistil 1, the ovary superior, unilocular, 2-3-carpelled, the 
ovule solitary and basal or (in Celosieae) several on a seemingly single basal 
funiculus, campylotropous, the styles 1-3 with stigmas of same number and 
variable in form;* fruit a circumscissile capsule (Celosia), or more frequently a 
utricle or nutlet, and rarely a drupe or berry; seed with embryo enveloping the 
abundant mealy endosperm. 

A family of 64 genera and about 800 species, most abundant in tropical 
regions and especially tropical America and Africa. Nearly one-third of the genera 
are nionotypic, with 5 indigenous in the New World. Twenty genera occur in the 
New World, of which 13 are in the United States, primarily in the south and south- 
east. Only 2 genera (Amaranthiis, Tidestromia) occur in the Pacific coast states, 
and 6 genera (Amaranthus, Acnida, Celosia, Iresine, Froelichia, Gomphrena) are 
within the Gray's manual region of the northeast. The largest genera of the family 
include the American Alternanthera (170 spp.), the Australian Ptilotus (100 spp.), 
the primarily American Gomphrena (90 spp.), the pantropical Celosia (60 spp.), 
ai^ nearly cosmopolitan Amaranthus (50 spp.). 

/The Amaranthaceae are distinguished by the presence of usually scarious bracts, 
a perianth, and by the usually connate filaments. The dense or congested in- 
florescence usually provides a superficial clue to identity. 

The amaranths have been presumed to be among the more primitive members 
of the order, but recent studies of the bracts and bractlets provide evidence that 
the basic inflorescence is a dichasium of 3 flowers, of which 2 usually have been 

In much of the literature the name of the family appears as Amarantaceae (and 
that of the type genus as Amatantus vice Amaranthus); however, Sprague (Kew Bull, 
pp. 287-288, 1928) indicated the correct spelling of the type genus to be Amaranthus, 
and that of the family Amaranthaceae. 
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lost and only the bractlets remain. By this view each bracteated flower is inter- 
preted to represent a relic of an ancestral dichasium. The views of Hutchinson 
and others that this family is not primitive but has evolved from caryophyllaceous 
ancestors seem to agree with existing data. 

Economically the family is of little importance. It contributes few food products 
(herbage of several members is edible as greens) and only a few ornamentals, as 
Prince’s feather (Amaranthus), globe amaranth (Gomphrena) , and a red-foliaged 
form of Ir^sine. Several genera contain noxious weeds, notably Amaranthus, 
Iresine, and Acnida, 
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^ nyctaginaceae.®*'^'four-o’clock family 



Fig. 124. Nycfaginaceae. a, Mirahilis Jalapa: flowering branch tip, X Vi. B. Bougainvillea 
spectahilis: Ba, flowering branch, X 14; Bb, flower and subtending bract, X 1; Be, same, 
vertical section, X 1; Bd, ovary, cross-section, X 3. (From L. H. Bailey, Manual of culti- 
vated plants. The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. 
Bailey.) 

Herbs or (in the tropics) shrubs or trees; leaves usually o pposite, simple, e ntire, 
est ipula tc;_^we£sbisexua l or rarely unisexual (p lants fhefi'lnono^ious or dio- 
eciouT) , actinomorpScTI ^ inflor escence cymose, usuany*^-5'foliaceous and often 
highly colored bracts subtending eacfi Rower ^each bract fertile and flower-bearing 
in Oxyhaphus), the perianth uniseriate, composed of a petaloid calyx of typically 
5 connate sepals (seemingly a corolla), the calyx plicate or contorted in bud; 
corolla absent; stamens 1-30 (even in the same species), hypogynous, distinct or 
the filaments connate basally in a tube, unequal, the anthers 2-celled, dehiscing 
longitudinally; pistil 1, the ovary superior, unilocular, l-carpelled, the ovule 1, 
basal, inverted (anatropous or campylotropous), the style 1 and slender, the 

The name Nyctaginaceae Lindl. (1836) is conserved over Allioniaceae Reichb. 
(1828). 
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stigma I; fruit an achene, sometimes enveloped by the persistent calyx which may 
be variously modified and thereby facilitate dissemination; seed with straight or 
curved embryo and little or much endosperm. 

A family of 28 genera and about 250 species, distributed mostly in tropics and 
subtropics of both hemispheres but only 2 genera indigenous to the Old World. 
It is restricted in this country mostly to the southern and Pacific regions {Oxy- 
baphus, with 5 indigenous species, the only genus in the northeast), where it is 
represented in the Pacific states by 8 genera and 28 species (only Hermidium a 
monotypic endemic), and in the south by 7 of these and 2 other genera. The 
largest genera of the family are Mirahilis (60 spp.) and Abronia (33 spp.), 14 
genera are monotypic. 

Members of the family are distinguished by the often colored sepaloid bracts 
and the petaloid calyx, and by the unicarpellate ovary. However, there is no way 
by which it may be determined macroscopically that the petaloid calyx is not a 
corolla, and the distinction is of morphological rather than of taxonomic signifi- 
cance. For this reason, keys to families treating the Nyctaginaceae “bring out” 
the family with those families possessing gamopetalous corollas. 

Heimerl (1934) recognized the family as composed of 5 tribes — the first 4 with 
ovaries glabrous and stamens more or less connate basally, the Mirabileae with a 
straight embryo and large cotyledons, the shrubby Pisoneae, and the herbaceous 
Boldoeae, and Colignoneae, all with the curved embryo and small linear cotyle- 
dons (leaves opposite in Colignoneae and alternate in Boldoeae), and the fifth, 
the Leucastereae with a hairy ovary and distinct filaments. 

Economically the Nyctaginaceae are of little domestic importance except for such 
ornamentals as the garden annuals, four-o’clock (Mirahilis) and sand verbena 
(Abronia), and the woody subtropical vine Bougainvillea, 
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PIIYTOLACCACEAE.®^ POKEWEED FAMILY 

Herbs, shrubs, or trees (sometimes lianous); leaves alternate, simple, entire, 
stipules absent or minute; flowers bisexual or raiely unisexual (plants then monoe- 
cious), actinomorphic (zygomorphic in Anisomeria), small, cymose or racemose, 
the perianth mostly uniseriate, composed of a calyx of 4-5 usually more or less 
connate persistent sepals, the petals absent (staminodes petaloid in the tropical 
American Siegnospernui)\ stamens 3-many (varying within the same species), 
often borne on an hypogynous disc in 1 or more but commonly 2 whorls (the 
outer whorl petaloid in Stegnosperma) alternate or opposite the calyx lobes, the 
filaments distinct or basally connate, the anthers 2-celled, dehiscing longitudinally; 
gyiioecium of 1-16 distinct or connate pistils, when 1 the pistil is usually 2-many- 
carpelled and -loculed (unilocular and uniovulate in Rivina), when pistils are 
2-more each is 1 -loculed and 1 -carpel led, the ovary superior (inferior only in 

The name Phytolaccaceae Lindl. (1836) is conserved over Petiveriaceae Link 
Ut<29). 
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Agdestis), when 2~more carpelled the placentation axile, the locules uniovulate. 
when unilocular the ovules basal, campylotropous or amphitropous, the style none 
or short, the stigmas as many as carpels, usually linear to filiform (peltate in 
Rivina); fnjit very variable depending on gynoecial situation, and may be a berry, 
drupe, sch’zocarp, utricle, or achenc; seed often arillate, with abundant endosperm 
enveloped by the embryo. 

A famdy of about 17 genera and 125 species, largely of the American tropics 
and subtropics. Phytolacca (ca. 35 spp.) is the largest genus. Three genera have 
species indigenous to this country: the pokeberry Phytolacca (P. amencana) from 
Maine to Minnesota and southward, the pigeonberry (Rivina humilis) from Florida 
to Texas, and Petiveria, a monotypic genus whose northern limits are in southern 
Florida. 



Fig. 125. Phytolaccaceae. A, Rivina humilis: Aa, flowering and fruiting branch, X Vi; 
Ab, flower, X 4; Ac, pistil, vertical section, X 8. B, Phytolacca amencana: Ba, flower 
habit, X 5; Bb, pistil, vertical section, X 5. (Ba after Schnizlem, Bb after Baillon.) 


Members of the family are distinguished from those of related families by the 
often multicarpellate pistil with a single ovule in each locule, the nonpetaloid 
minute perianth, and (in domestic indigens) by the berrylike fruit with colored- 
juices or pulp. 

The family is divided into 5 tribes: Stegnosperma and Agdestis, each in tribes 
by themselves, are characterized by the presence of petals (or petaloid staniinodes) 
in the former and of an inferior ovary in the latter; the Rivineae (9 genera) are 
characterized by unicarpellate pistils; the unigeneric Barbeuieae have a bicar- 
pel late ovary and the Euphytolacceae have a multicarpellate ovary. 

Economically the family is of little significance. Two species of Phytolacca and 
Rivina humilis are grown for ornament, as also are species of Agdestis, Ercilla, and 
Petiveria. Young shoots of Phytolacca americana are a source of edible “greens” 
or potherbs. 

LITERATURE: 

Heim ERL, A. Phytolaccaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilen, ed. 
2, Bd. 16c: 135-164, 1934. 
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^^IZOACEAE.®-* MESEMBRYANTHEMUM FAMILY 


Annual or perennial herbs, or low shrubs; leaves alternate or more commonly 
opposite or in false whorls, simple (pinnate in Acthephyllum), fleshy or reduced 
to scales, stipulate or more often not so; flowers bisexual, actinomorphic, solitary, 

\ 

This family is sometimes designated by the names Ficoideae Juss. (1789), Mesem- 
bryaceae Lindl. (1836), or Tetragoniaceae Reichb. (1827), but Aizoaceae Braun (1864) 
has been proposed for conservation. 
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in axile dichasia or terminal in monochasia, the perianth uniseriate, composed of a 
calyx of 5-8 connate herbaceous gre en sepals, free or adn^te To: the^ ^vary^ th e 
corolla none (the apparent petals are petaloid staminodes); ^ stamens basically 
5 but usually many (bj^plitting), the ’ouHSrmmt-'one^ often sterile and petaloid, 
the filaments distinct or^'basally -connate into bundles or a short monadelphous 
sheath, the anthers small, 2-celled, dehiscing longitudinally; pistil 1, the ovary 
superior or inferior, 1-5-loculed (occasionally to 20-loculed), the carpels basically 
3-5, the placentation typically axile, but may be parietal or basal, the ovules 
mostly many (seldom 1), anatropous or campylotropous, the style 1 or absent, 
the stigmas 2-20 and usually radiating; fruit a loculicidal capsule (dehiscence 
septicidal or transverse in some), sometimes leathery and tardily dehiscent or 
berrylike; seed with a large embryo enveloping the mealy endosperm. 



Fig. 126. Aizoaceae. A, Faucaria tigrina: Aa, plant in flower, X Ab, flower fully open, 
top view, X Vh; Ac, flower, vertical section, X B, Carpobrotus eduUs: flowering branch, 
'/ Va C, Crvophytum crystallinum'. Ca, flowering branch, X Cb, flower, vertical sec- 
tion, X V2 \ Cc, ovaiy, cross-section, X 1. (All redrawn: A from Flowering Plants of South 
Africa; B from Curtis’ Botanical Magazine; C from Reichenbach, leones.) (From L. H. 
Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 
1949 by Liberty H. Bailey.) 

« 

A large family, particularly of South Africa. The number of genera now rec- 
ognized to be more than 100 and the species about 600.®” The New World genera 
number 8-9, of which 7 occur in many parts of this country but primarily in the 
southwestern and Pacific areas. They are, together with numbers of total and 
indigenous or naturalized species: Mollugo (12-2, widely distributed), Geocarpon 
monotypic in Missouri, Glinus (10-2), Cypselea a monotypic West Indian genus 
naturalized from Florida to California, Trianthema (15-1), Sesuvium (5-3) from 
the coast of New York to Florida and California, Tetragonia (1, native of New 
Zealand and east Asia), and Cryophytiim (45-3) along the coast of southern, 
California and believed to have been “probably introduced ... by natural means 
before the advent of white men” (usually treated in regional floras as Mesembry- 
ahthemum) . 

The members of the family are recognized by the combination of fleshy leaves, 

The petaloid staminodes are not grossly distinguishable from true petals and keys to 
the family or its subdivisions often treat the taxa as if petaloid. 

®® The South African taxa have been studied intensely during the last quarter 
century, and the Linnaean genus Mesembryanthemum is now divided among 100 sepa- 
rate genera or more; cf. Brown (1920), Bolus (1928-1938), Pax and Hoffmann (1934, 
pp. 198-221 for keys and synonymy), and Jacobsen (1938). Acceptance of this segre- 
gation was deferred by Pax and Hoffmann (1934) because of unavailability of adequate 
material. They treated the family as composed of 24 genera. Phillips (1926, pp. 232- 
249) accepted 52 genera, and many botanists now accept the more liberal views of 
Blown and of Nels. 
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5-8-lobed calyx, numerous stamens, often many petaloid showy staminodia, and 
the multicarpellate ovary with the ovules usually many on each placenta. 

Members of the Aizoaceae are divided into subfamilies and tribes, on the basis of 
the position of the ovary, the type of placentation, and the character of the ovule. 
Buxbaum (1944) considered them (and the Cactaceae) to belong in the Centro- 
spermae and to have been derived from stocks ancestral to the Phytolaccaceae, a 
view presented in substance much earlier by Halher. 

Members of the family are of domestic economic importance largely for their 
ornamentals. Species of about 80 genera are cultivated as novelties. One species. 
New Zealand spinach {Tetragonia expansa), is cultivated to a limited extent as a 
source of table greens. 
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v/ PORTIJLACACEAE.®’ PURSLANE FAMILY 

Annual or peicnnial herbs or suffrutescent shrubs; leaves alternate or opposite, 
often rosulate, usually fleshy, simple, stipules scarious or setaceous (none only in 
Claytonia); flowers cymose, racemose, or solitary, bisexual, actinomorphic, often 
showy, perianth biseriate,®® the calyx composed of 2 green herbaceous sepals 
(several in Lewisia and Crahamia), distinct or basally connate, often caducous, 
imbricated, the corolla of 4-6 petals (sometimes 2 in Calyptridium or 3 in Montia)^ 
distinct or connate basally; the stamens as many as and opposite the petals or 2 -4 
times as many (by splitting), rarely fewer (in Calyptridiinae), distinct, occasionally 
borne on corolla, the anthers 2-celled, introrse, dehiscing longitudinally; pistil 1, 
the ovary superior (half inferior in Portulaca), 1-loculed, the carpels 2-3, pla- 
centation basal, the ovules several to many or solitary, campylotropous, the styles 


The name Portulacaceae has been conserved over other names for this family. 

‘’’♦^Morphologically, the perianth is mteipreted to be uniscriate. By this view its calyx 
is considered an involucre, its sepals as bracts, and the apparent corolla as a perigone 
composed of tepals. Evidence for this view is that the stamens (when the same number) 
are opposite the tepals, and the floral anatomy is in haimony with it. This interpretation 
was accepted by Hoffmann and Pax, but most systematists (including Rendle, Fernald, 
Small, Abiams, Britton, and Bailey) perhaps for reasons of convenience have treated 
the perianth as biseriate and as composed of calyx and corolla. Taxonomically, it seems 
best to continue to refer to these parts as sepals and petals. 
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and stigmas 2-5; fruit a capsule, circumscissile {Portulaca, Lewisia) or loculicidal 
by 2-3 apical valves, rarely an indehiscent nut; seed with copious endosperm sur- 
rounded by embryo. 

A family of 16 genera (Abrams accepted 20) and more than 500 species. The 
Pacific coast states constitute 1 center of distribution for the family, and southern 
South America is another. Nine genera occur indigenously in the western states. 
Of them (together with their number of total and indigenous species), Talinum 
(50-6), Claytonia (20-5), and Portidaca (125-1) occur in the south and south- 
east with the last 2 extending into the northeast. The genera with domestic repre- 
sentatives restricted to the west and southwest include: Calandnnia (150-5), Calyp- 
iridium (4-4), Lewisia (18-13), Montia (50-15), Spraguea (2-2), and Talinopsis 
(1-1). The African Anacampseros (60 spp.) is the only other large genus of the 
family. 



vertical section, X 1; c, ovary, cross-set lion, X 4; d, capsule, X 1. (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by 
Liberty H. Bailey.) 


Members of the Portulacaceae are distinguished generally by the 2 -5 -styled 
unilocular ovary containing usually several campylotropous ovules on a basal 
central placenta, by the usually 2 sepals, and the fleshy leaves. 

The Portulacaceae are closely related to the Basellaceae, the genera Portulacaria 
of South Africa and Philippiamra of Chile standing intermediate between them. 
They are of close affinity to the Aizoceae, and authors are not agreed as to which 
family some of the genera belong. Within the Portulacaceae, those genera with few 
stamens are probably more primitive than those characterized by a presumed 
splitting of stamens into many. 

Economically the family is domestically important for the ornamentals selected 
from it, notably rose moss {Portulaca grandiflora) , and many species of Talinum, 
Lewisia, Calandrinia. Herbage of Portulaca oleracea is used to a limited extent as 
a potherb and salad green. 
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BASELLACEAE. BASELLA FAMILY 



1 Ig. 128. Bashllaceae. Basella rubra: a, flowering branch, X l/s; b, flower, side view, 
X 2; c, flower, vertical section, X 3; d, inflorescence, X V 2 . (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 


. Climbing perennial herbs, sometimes sufTrutescent, herbage often fleshy; leaves 
alternate, simple, fleshy, pctiolate, estipulate; flowers in spikes, racemes, or panicles, 
each flower subtended by an involucre of 2 bracts, bisexual, actinomorphic, the 
perianth uniseiidtc, represented by a calyx of 5 free or basally connate sepals, 
often colored, imbricate, persistent in fruit, the corolla none; stamens 5, opposite 
sepals and adnate to their bases, the filaments distinct, the anthers 2-celled, 
dehiscing longitudinally; pistil 1, the ovary superior, l-loculed, 3-carpelled, the 
ovule solitary, campylotropous, the placentation basal, the style 1, the stigmas 
usually 3; fruit a drupe enveloped by the annular or spirally twisted embryo. 

A family of 5 genera and about 22 species, mostly of tropical America and the 
West Indies. One species, Basella alba, is native to the Old World (Asia). Bous- 
singaiiltia has 2 of its 12 species in southern and southeastern United States, 
Anredera has 1 species in southern Texas that extends south to northwestern South 
America. 

The family is readily identifiable by its scandent succulent character, its bisexual 
apetalous flowers whose fleshy persistent calyx envelopes the drupe in fruit. 

The Basellaceae are related most closely to the Portulacaceae, and probably are 
an advanced terminal offshoot of the latter. By Bentham and Hooker they were 
united with the Chenopodiaceae, but differ from that family by the biseriate 
perianth. Within the family the genera fall into 2 more or less natural groups, one 
with the embryo spirally twisted and stamens straight in the bud (as in Basella) 
and the other with the embryo annular and the stamens curved in bud (as in 
Boussinfiaultia and Anredera). 

The family is of little domestic importance. The Madeira vine (Boussinfiaultia) 
is cultivated as an ornamental, while Malabar (BaselUi) produces edible shoots 
eaten as spinach. In tropical America the tuberous starchy root of Ulluciis tubero- 
sus is eaten as a potato substitute. 


LITERATURE: 

Ulbrich, E. Basellaceae. Engler and Prantl, Die naturlichen Pflanzenfamili^ 
16c: 263 271, 1934. 


j 


PINK FAMIL 



ed. 2, Bd. 


Annual or perennial herbs, infrequently suffrutescent shrubs; stems character- 
istically with swollen node s leaves opposite (rar ely altern ate), simple, mostly 
linear to lanceolate, often Connoted basally by V if ansverse line or by a shortTy 

The older name Alsinaceae, Wahlenb. (1824) is displaced by the conserved name 
of Caryophyllaceae, Reichb. (1828). 
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connate-perfoliate base (Dianthus), decussate^ the stipules scariops or more often 
abseriV, •flowefs^'Fisexual ^r infrequently unisexual (the plants then dioecious)., 
actinoiftorphic, mostly in determinate simple to complex dichasial inflorences or 
solitary and terminal, the perianth usually biseriate, the calyx of typically 5 basally 
connate sepals (distinct in Alsinoideae, and sepals or lobes sometimes 4), rarely 
subtended by bracts (Dianthus), the corolla with typicall y same petal number a s 
calyx lobes, the petals distinct an d free, ofte n differentiated into claw ancTlim h. 
sometimes minute or none; stamens In^ -2 wKorls, usually of same number as 
petals or twice as many, filaments distinct or briefly connate, the anthers 2-celled, 
dehiscing longitudinally, petaloid staminodes so metimes present; pistil 1, the oyar y 
superior, 1-loculed with free-centrat^lacentation^ or basally 3-5-Ioculed with axiiff 
placentation in lower third or Iog g a nd fiee- teiiti al plaC^riTA llOTl abO \/e" (ln suiii e 
Silenoideae), or oyules basal when so TItar^, ttie carpe ls 2o, nrerrry uleo aolit a r y to 
many, the styles and stigmas 2-5 Trarely 1), as many'arnTr^ a r pB T s; rr ulTSTr a p aul e 
dehiscing apically by yalves; teeth: Of clrcurnscfs^ely, or a 'uTfTCl^Tjr achene; seed 
with embryo usually curyed around the firm or h^d endosperm ''(einbfyo Straight 
in Diant hits, endosperm soft in Agrosternma)y^ ' ' 



Fig. 129. Caryophyllaceae. a, Arenaria lancifolia: Aa, flowering branch, X V-x', Ab, 
flower, side view, X 1; Ac, capsule, X 1. B, Lychnis Viscana: Ba, flower, X 1; Bb, pistil, 
X 1. C, Dianthus plumanus: Ca, flowering branch, X Vi; Cb, flower, less perianth, X 1; 
Cc, ovary, vertical section, X 2; Cd, ovary, cross-section, X 5; Ce, capsule, X 1. D, 
Cerastiuin tomentosiww Da, flower, face view, X V 2 \ Db, same, side view, less corolla, X 2; 
Dc, capsule, X 1. E, Silene Armeria: Ea, flower, X 1; Eb, pistil, X Wi. (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by 
Liberty H. Bailey.) 

A family of about 80 genera and 2100 species (incl. llle cebrac eae), primarily 
of the north temperate regionsbnt"ivith"a few genera of iFe south temperate 
regions and higher altitudes~dr mountains in the tropics. The Mediterranean area 
is the principal center of distrlbntiOff tor the family. The largest genera include 
Silene (500 spp.), Dianthus (350 spp.), Arenaria [including Minuartia, Moeh- 
ringia, Merckia] (160 spp.), and Stellaria, Cerastium, Lychnis, and Gypsophila 
(each of about 100 spp.). Many genera (as Silene, Lychnis, Spergula, Spergu- 
laria {Tissa), Sagina, Arenaria, Paronychia, Scleranthus) are widespread through- 
out the colder yegetated regions of the northern hemisphere, while others (as 
Colohanthus, Lyallia) occupy a similar position in the southern hemisphere. In 
the United States, about 13 genera are represented by indigenous species, and 9 
others by species that are widely naturalized or adventiye (often as noxious 
weeds). Among the indigens, Arenaria, Sagina, Silene, Stellaria, and Cerastium 
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occur in general over much of the country, while Polycarpon occurs mostly in the 
warmer areas, with Herniaria, Scopulophila, Achyronychia, and Loeflingia pri- 
marily in 1 or more of the Pacific coast states, and Stipulicida monotypic in the 
southeast. The more important and widespread adventive genera include Holo- 
steum, Agrostemma, Dianthus, Spergula, and Saponaria. 

The Caryophyllaceae (with which the lllecebraceae are here included) are dis- 
tinguished by the combination of opposite leaves associated with leaf bases connate 
and sheathing or connected by a line, the 2-5-carpelled unilocular ovary with free- 
central placentation (at least apically so), and the l-chambered capsule (rarely 
3-chambered as in some Lychnis, spp.) dehiscing by valves or teeth. 

Botanists have presented many views to account for the evolution of the Cary- 
ophyllaceae. With few exceptions these more or less fit 1 of 2 basic concepts: 
(1) that of Eichler (1875), who considered the family to have originated from 
the Phytolaccaceae by conversion of the outer stamen whorl to petals and of the 
outer carpel whorl to stamens, a view accepted in principle by Pax, Wettstein, and 
by Rendle; or (2) that of Wernham (1911), who considered the family to have 
evolved from ranalian ancestors and to have been the source of origin for the 
Primulaceae and such reduced families as the amaranths and chenopods, a view 
accepted in principle by Bessey, Hutchinson, and others. It has been suggested also 
(Dickson, 1936) that the family may have been derived from the Qeraniaceae. 
but the findings of Thompson (1942) did not support this view. The^eTWTSm 
theory, on the basis of current information, seems more nearly to represent the 
probable origin and relationships of the family. 

Economically the family is important for the large number of ornamentals avail- 
able from it. Notable among them are the florists’ carnation (Dianthus Caryophyl- 
lus) and perhaps 75 other species of the genus, baby’s-breath (Gypsophila), 
catchfly (Silene), maltese cross (Lychnis), sandwort (Arenaria), and mouse-ear 
chickweed (Cerastium). ^ 
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of the gynoecial conditions, it is clear that the genera concerned represent either 
1 family (Nymphaeaceae) or 3 separate families {sensu Bessey). 

Species of all genera except Barclaya are in the commercial trade as garden or 
conservatory ornamentals. Formerly the large rhizomes of Nelumbo pentapetala 
were important to the American Indian as a source of starchy food. 

LITERATURE: 

CoNARD, H. S. The waterlilies. A monograph of the genus Nymphaea, Carnegie Inst. 
Wash. 292 pp., 1905. 
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Miller, G. S. and Standley, P. C. The North American species of Nymphaea. Contr. 
U. S. Nat. Herb. 16: 63-109, 1912. 

Smaii, J. K. The water-lilies of the United States. Journ. N. Y. Bot. Gard. 32: 117-121, 
1931. 

Taylor, H. J. The history and distribution of yellow Nelumbo, water chinquapin or 
American lotus Proc. Iowa Acad. Sci. 34: 119-124, 1927. 


CERATOPHYLLACEAE. HORN WORT FAMILY 



Fig. 131. CERATOPHYLLACEAE. Ceratophyllum demersum: a, vegetative branch, X 14; b, 
whorl of leaves. X 1: c, pistillate flower, X 12; d, same, vertical section, X 12; e, staminate 
flower, X 12; f, stamen, X 25; g, fruit, X 15. (e g after Eichlei.) (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by 
Liberty H. Bailey.) 

Rootless, submerged, perennial aquatic monoecious plants; leaves whorled, 
dichotomously divided, sessile, the filiform or linear segments with serrulate mar- 
gins, estipulate; flowers unisexual, actinomorphic, minute, and inconspicuous, each 
solitary at a node; the staminate with a perianth of 10-15 sepals basally connate 
into a gamosepalous calyx, the stamens 10-20, spirally arranged on a flat recep- 
tacle, with very short filaments, the anthers erect, linear-oblong, 2-celled, dehiscing 
longitudinally, a thickened, often colored connective projecting beyond them; 
pistillate flowers with similar perianth, the gynoecium of a single pistil, the ovary 
superior, 1-loculed, 1-carpelled, the ovule 1, pendulous, anatropous, the placenta- 
tion parietal, the style slender and acute, the stigma 1 and undifferentiated from 
style; fruit a nut, terminated by the persistent style; seed with large straight embryo 
and no endorsperm. 

The family, represented by a single genus {Ceratophyllum) and 3 species, is of 
cosmopolitan distribution and is represented in this country by C. demersum, 
common in shallow stagnant or slow-moving waters. 



492 


SELECTED FAMILIES OF VASCULAR PLANTS 


The family is recognized by the whorled dichotomously dissected serrulate leaves 
and by the unisexual flowers solitary in the axil of one leaf of a whorl. The 
characteristic of a single lateral branch produced at a node is also of value jn 
identifying the family. 

The Ceratophyllaceae undoubtedly are of close affinity with the Nymphaeaceae, 
as is evidenced by the whorled elements of the androecium, by the typical ranalian 
unicarpellatc pistil, and by the pendulous parietal ovule. 

Economically the family is of little importance, although the plant is of value 
in wild-life conservation practices as a protective cover for freshly laid spawn and 
young fish fry. The plants are sold for use in pools and aquaria. 

LITERATURE' 

JoNhS, E. N. The morphology and biology of Ceratophyllum demersiim. Univ. Iowa 
Stud Bot. 13: 1 1 46, 1931. 
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S^ROCHODENDRACEAE. TROCHODENDRON FAMILY 



Fig. 132. Trochodendraceae. Trochodendron arahoides: a, flowering branch, X b, 
flower, habit, X Wi; c, same, vertical .section, X 2; d, anther, habit, X 6; e, same, cross- 
section, X 6; f, fruit, X iVi. (a-e redrawn from Curtis’ Bot. Mag.) 

Trees; leaves pseudoverticil late, simple, pinnate-veined, often subpeisistent, peti- 
. oled, estipulate; inflorescence a ra cemelike pleiochas ium, terminal at inception, soon 
appearing axillary: flowers bisexual, actinomorphic, the pedicels usually bearmg 
2-5 minute bracteolcs on or just below torus, the perianth none (bracteoles some- 
times considered perianth remnants); stamens numerous, in 3 or 4 whorls on an 
expanded torus, the fdaments long and slender, the anthers 2-celled (4-sporangiate), 
dehiscing longitudinally; gynoecium of (4-) 6-11 sessile pistils in a single whorl, 
these laterally concrescent, the ovary 1-loculed, with 2 rows of numerous ovules 
near the ventral suture, the style condupl icate an d d eeply canaliculate ventrally , 
apically stigmatic; fruit a follicetum compost of^laterally c()aTesccnr follicles, 
dehiscing loculicidally on its upper surface; seeds dependent in 2 rows, mixed with 
sterile ovules, with basal and apical winglike projections, the endosperm waxy, the 
embryo minute, ellipsoid. 

A imigeneric family {Trochodendron) of Japan and Formosa represented by the 
single species T. aralioides (interpreted by some authors to be of 2 or 3 species). 

The family is distinguished from its relatives by the persistent pinnate-veined 
leaves, the bisexual bracteolate flowers (lacking perianth) with sessile concrescent 
[pistils^ and the fruit a group of follicles cohering to form a follicetum. 
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The classification of Trochodendron has been interpreted variously by many 
authors. Early botanists allied it with the Majg noliacea e. and in 1888 Prant l 
described the family Trochodendraceae, placing in it also Euptelea and Cerci- 
diphylliim. E ngler and Diels (1936 ) considered the family more primitive than the 
Cercidiphyllaceae, and to contain Trochodendron and Euptelea. These genera, 
together with Eucommia and Tetracentron, are now considered by Smith ( 1 945) 
to compose 5 separate families. This opinion follows the important studies of van 
Tieghem (1900). B essey (1915) accepted Trochodendraceae as a family of the 
Ranales, but failed to cite any authority for it or to indicate his concept of its 
circumscription. Hutc hinson included Euptelea within the family and placed it in 
his Magnoliales, as^gnin^ the Eucommiaceae to the Hamamelidales. Wettstei n 
( 1935 ) recognized 4 of the genera as separate families, but retained Tetracentron 
in the Magnoliaceae. Details of the interrelationships of these families are provided 
by Smith (1945 ).’"'’ 

Trochodendron aralioides is cultivated domestically to a limited extent as an 
ornamental in the southeastern part of the country, where it >>mins a height of 
40 feet or more. 

LITERATURE: 

Bailey, I. W. and Nast, C. G. Morphology and relationships of Trochodendron and 
Tetracentron. Journ. Arnold Arb. 26: 143-154, 267 276, 1945. 

Croizat, L. Trochodendron, Tetracentton, and their meaning in phytogeny. Bull. Torrey 
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Fig. 133. Tetracentraceae. Tetracentron sinense: a. flowering branch, X 14; b, flower, 
habit, X 8; c, same, vertical section, X 8; d, single pistil, X 10; e, fruit, X 3. 


A unigeneric family {Tetracentron sinense of south-central China and adjacent 
Burma being the only species) allied only to Trochodendraceae, differing in having 
the leaves solitary, palmate-nerved, and with stipular flanpes; the inflorescence 
spikelike, the flowers numerous and arranged m cl usters of 4, the flowers with 4 
persistent im bricate sepa ls, tl^ torus flattened and inconspicuous; the stamens 4 and 
opposite th"? sepals; the ni stils 4 with a pronounced ventral overgrowth, the ovules 
6 or fewer and borne on the placentae only at the middle of each locule; the 
folliceta with a strong ventral development; and the seeds with a more spongy and 
winglike outer integument. 

■^^See also Croizat, L. in Bull. Torrey Bot. Club, 74: 60-76, 1947. 
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The single species, a hardy tree 15-90 feet high, is cultivated to a limited extent 
as an ornamental. 

The genus, known to science for slightly more than half a century, has been 
treated by most authors (including Wettstein, 1935) as a member of the Mag- 
noliaceae, but it has not received the consideration of most phylogenists (e. g., 
Hutchinson, Engler, and Diels). The family name, in a French form, dates from 
the morphological study of van Tieghem (190 01. but it was apparently properly 
latinized as recently as 1945 (by Smith). Papers by Nast and Bailey and by Smith, 
cited under Trochodendraceae, also discuss Tetracentraceae; according to these 
authors the 2 families are closely i elated but have no immediate allies. 

LITERATURE: 

Ticohem, P. van. Sur les dicotyledones du groupe des Homoxylees. Journ. de Bot. 14: 

259-297, 330-361, 1900. 


EIJPTELEACEAE. EUPTELEA FAMILY 



Fig. 134. Eupteleaceae. Euptelea polyandra: a, vegetative branch, X Vfe; b, flowering 
branch, X I/ 2 ; c, flower, X 3; d, gynoecium, X 9; e, ovary, vertical section, X 10; f, fruit, 
X 2. (From L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. 
Copyright 1924 and 1949 by Liberty H. Bailey.) 


Hardy deciduous trees or shrubs; twigs with imbricately scaled buds, the terminal 
bud aborted, replaced by the distal axillary bud; leaves alternate, simple, pinnate- 
veined, petioled, estipulate; inflorescence appearing before leaves, composed of 
6-12 single flowers borne in axils of bracts around growing point and subsequently 
lateral, the flowers bisexual; perianth none; stamens numerous, in a single whorl on 
an expanded flattened receptacle, the filaments filiform or slightly flattened, sub- 
equal to anthers in length, the anthers 2-celled, dehiscing longitudinally, basifixed, 
becoming twisted; gynoecium of 6-18 stalked pistils, the latter free, borne in a 
single whorl just within the stamens, the ovary with a ventral or distal stigmatic 
margin covered with tangled sticky processes, unilocular, the ovules mostly 1-3, 
attached to ventral edge of the locule; fruit small stipitate samaras, clustered, these 
essentially circumalate with the ventral edge indented; seed with small embryo and 
copious oily granular endosperm. 

A unigeneric family {Euptelea) of 2 species, one indigenous to Japan (£. poly- 
andra) and a second to China and northeastern India. Elements of the latter have 
been treated to represent as many as 5 different species, but all were considered 
conspecific by Smith (1946). 

The family is characterized by a combination of morphological and anatomical 
characters, including deciduous leaves, bisexual flowers with stipitate pistils, and 
by the fruits a cluster of samaras. It has been treated as a member of the Trocho- 
dendraceae, but Nast and Bailey (1946) and Smith (1946) considered it to be a 
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very distinct and isolated member of the Ranales, possibly worthy of subordinal 
rank. The following is a partial quotation from Nast and Bailey (p. 191): 

. . . the family Eupteleaceae exhibits evidences of geneial ranalian affinities, but does not 
appear to be closely related to any specific surviving family of the ranalian complex. It 
obviously cannot be placed in close proximity to those woody ranalian families . . . 
which are characterized by having monocolpate and derived types of pollen [pollen tri- 
colpate in Eupteleaceae] and no aromatic secretory cells. Although it appears to belong 
in the categoiy of ranalian families having tiicolpate and derived types of pollen and 
no aromatic secretory cells, it cannot be placed in close proximity to any of them . . . 
the family Cercidiphyllaceae ... is not closely related to the Eupteleaceae. Nor does the 
latter family form a natural compact grouping with the Schisandraceae. 

Both species of Enptelea are cultivated domestically to a limited extent as 
ornamentals. 

LITERATURE: 
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CERCIDIPHYLLACEAE. CERCIDIPHYLLUM FAMILY 



Fig. 135. Cercidiphyllaceae. Cercidiphyllum japonicnm: a, branch with staminate flowers, 
X Vz, b, staminate flower, X 2; c, pistillate flowers, X 1; d, ovary, vertical section, X 10; 
e, ovary, cross-section, X 10; f, tollicles, X 1; g, seed, X 5. (From L. H. Bailey, Manual of 
cultivated plants. The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H Bailey.) 

The family consists of 1 species; a dioecious deciduous tree; branches bearing 
short shoots (spurs); leaves dimorphic, usually opposite and pinnate-veined on the 
elongated terminal twigs, solitary (alternate) and palmate-veined on the short 
shoots, simple, stipules present and caducous; flowers unisexual, lacking any peri- 
anth,'^ ^ appearing solitary but actually decussately disposed in highly reduced con- 
gested inflorescences, produced before or with the leaves, each flower subtended by 
a bract; staminate flowers sessile, stamens 8-13, filaments filiform, the anthers 
2-celled, basifixed, dehiscing longitudinally; pistillate inflorescence (the “flower” of 
authors) pedunculate, the flowers 2-6, sessile, each subtended by a bract, the 
gynoecium a single pistil, the ovary superior, 1-loculed, 1-carpelled, the ovules 
many in 2 rows, attached to the ventral edge of the locule (e.g., placentation is 
parietal), the style linear, bearing 2 stigmatic ridges (representing a single stigma 

Hutchinson et al. have stated that a calyx is present. It has been held by many 
authors, and established by Swamy and Bailey, that the apparent calyx is composed of 
2 pairs of decussate bracts. Likewise, the “flower” associated with Cercidiphyllum in the 
literature has been demonstrated (1949) to be an inflorescence of usually 4 or more 
apetalous bracteate flowers. 
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but an extension of the 2 sterile edges of the carpel); fruit a follicle, the seed 
winged, the endosperm copious and firm to firm-fleshy. 

A unigeneric family of China and Japan represented by the single species 
(Cercidiphyilum japonicum) (the Chinese form probably is only varietally dis- 
tinct). Fossil evidence indicates it to be the remaining member, of a once wide- 
spread genus having many species. 

The family is unlike any other extant angiosperm. It is distinguished by a com- 
bination of characters: dimorphic leaves of palmate or pinnate venation, short 
shoots, unisexual flowers dioeciously disposed, the pistillate inflorescence of 4-6 
apetalous flowers each with a multiovulate pistil, and the staminate inflorescence 
of several bracteate apetalous staminate flowers. 

The family long was included within the Magnoliaceae, but the recent data pre- 
sented by Swamy and Bailey refuted this concept and reinterpreted the “flower” 
to be an inflorescence of bracteate flowers, a view supported by the abaxial posi- 
tion of the pistils whereby the ventral suture of each faces outwards, and this 
condition is not known to be present in multipistillate apocarpous gynoecia. Swamy 
and Bailey rejected the phyletic views of earlier workers and concluded that the 
family was not of close affinity with any other family and that it did not belong 
in any existing order of angiosperms, unless the Ranales be recognized as a useful 
repository for primitive relic dicotyledonous plants. 

The tree is important in Asia for its lumber and as an ornamental. Domestically 
it is grown extensively as a hardy ornamental, and is prized for its ovoid symmetry 
in form and large size. 

UTERATURE: 

Harms, H. Zur Kenntnis der Gattung Cercidiphyilum. Mittiel. Deutsch. Dendrol. Ges. 

26: 71-87, 1918. 

Swamy, G. L. and Bailey, 1. W. The morphology and relationships of Cercidiphyilum. 

Journ. Arnold Arb. 30: 187-210, 1949. 

^RANUNCULACEAE. BUTTERCUP FAMILY 

Annual or perennial herbs, occasionally shrubs or vines {Clematis spp.) or very 
rarely trees {Paeonia); leaves mostly alternate (opposite in Clematis and Ranun- 
culus spp.), usually compound (entire in Caltha, Coptis, et al.) and most generally 
palmate (pinnate in Xanthorrhiza, Actaea), mostly estipulate (rudimentary stip- 
ules in some Thalictra)\ flowers typically bisexual (unisexual in some spp. of 
Thalictrum, the plants then monoecious or dioecious), actinomorphic or (in the 
Delphineae) zygomorphic, solitary, in determinate cymose inflorescences or race- 
mose to paniculatejjerianth biseriate and differentiated into calyx and corolla or not 
so, segments distinct and free, variable in number, the corolla often modified and 
less petaloid than the often showy sepals, nectiferous glands usually present (cov- 
ered or enveloped by a scale in Ranunculus); the stamens usually many, spirally 
arranged, hypogynous, distinct, the anthers 2-celled, basifixed, dehiscing longitudi- 
nally; the gynoecium of 3-many (very rarely only 1) distinct spirally disposed 
simple pistils (compound and multicarpellate in Nigella), the ovary superior, 
1-loculed, 1-carpelled, the ovules 1-many, anatropous, the placentation parietal 
along ventral suture, the style and stigma 1 (5-12 in Nigella); fruit typically a 
follicle, sometimes an achene (Ranunculus), berry (Actaea), or rarely a capsujg 
(Nigella); seed with minute embryo and a copious generally watery-fleshy endo- 
sperm. 

A moderately large family, chiefly of the cooler temperate regions of the earth 
and especially of the northern hemisphere, composed of about 35 genera and 
perhaps 1500 species. About 20 genera and nearly 300 soecies are indigenous to 






Fig. 136. Ranunculaceae. A, Trollius europaeus: Aa, flowering branch, X Vi; Ab, basal 
leaf-blade, X 1/2; Ac, flower, vertical section, X Vi; Ad, pistil, vertical section, X 3 ; Ae, 
petal, X 2. B, Thalictriim rugosum: Ba, portion of inflorescence, X Vi; Bb, node and 
cauline leaf, X Vi; Be, staminate flower, X 2. C, Delphinium elatum\ Ca, flower, X 1; 
Cb, flower, vertical section, X 1. D, Acomtum Cannichaelii var. Wilsonii: Da, flower, side 
view, X Vi; Db, flower, vertical section, X Vi. E, Aquilegia flahellata: flowering branch, 
X Vi. F, Nigella hispanica: flower and leaf, X 1. G, Hellebonis niger: Ga, flower, face 
view, X Vi; Gb, flower, vertical section, X Vi. (p petal, pi pistil, s sepal.) (From L. H. 
Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 
1949 by Liberty H. Bailey.) 
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this country, with 4 additional genera represented by naturalized or adventive 
species. Notable among the genera represented in this country are the following 
(together with the number of total and indigenous species): Ranunculus (250- 
9(i), Aqiiilefiia (70-29), Clematis'^’^ (200±-25), Tlialictrum (90-14), Delphinium 
(250-30), and Anemone 100±-25). Genera with one or a few indigenous species 
include: Myosurus (6), Cimieijufia (5), Isopyrum (4), Cult ha (3), Actaea (3), 
Coptis (3), Hepatica (2), and the following with one indigenous species each 
Trautvetteria, Anenwnella (Syndesmon), Troll ins, Hydrastis, Paeonia, Xantho- 
rhiza. Most of the genera have representatives well distributed over the mesophytic 
regions of the country. A few are of more restricted distribution: Hydrastis, 
Xanthorhiza, and Anenwnella to the eastern part of the country, Paeonia (pri- 
marily of Asia) and Aquilegia largely to the Rocky Mountain region. Delphinium 
mostly to the Pacific coast states, and Clematis to the more southerly parts of the 
country. 

The Kanunculaceae are distinguished from related families by the usually her- 
baceous texture, the leaves often divided or compound, the flowers mostly bisexual 
with reduced or modified petals, the stamens mostly numerous and spirally 
arranged, the gynoecium of generally several to many pistils, and the ovary 
unicarpellate. 

Contrary to the phyletic position assigned it by Engler, this family is now gen- 
erally accepted to be among the most primitive of dicots — a conclusion published 
long ago by de Jussieu (1783), accepted by Bentham and Hooker, emphasized by 
Bessey (1915), by Hallier, and by Hutchinson (1948), and generally supported by 
current phylogenetic studies. Whether it is more primitive than the Winteraceae 
and Degeneriaceae remains to be determined. For a detailed presentation of the 
components of this family and their relationships, see Rendle (1938, pp. 138-149). 

The family is accepted generally as a natural taxon. However, as suggested by 
Worsdell (1908) and emphasized by Corner (1946), there is strong evidence to 
justify the segregation of Paeonia as a separate unigeneric family (Paeoniaccae), 
removing it from the Ranales to a position near the Dilleniaceae of the Parietales. 
Phylogenists have treated Paeonia as comprising 1 of the 3 tribes of the buttercup 
family (i.e., Helleboreae, Anemoneae, and Paeonieae). The Helleboreae are char- 
acterized by the multiovulate pistil, and the Anemoneae by the uniovulate pistil. 

Generic distinctions are admittedly weak among the Ranunculaceae, as indicated 
by the lack of agreement as to the generic limits of Anemone, Pulsatilla, Hepatica, 
Clematis, and Ranunculus. The wide variations of perianth conditions, while of 
significance in distinguishing genera, serve to emphasize the significance of the 
essential organs to any phyletic study of the family. 

Economically the family is of domestic importance for the large number of 
ornamentals available from its components, represented by 27 genera and about 
280 species. Among the more important genera are Anemone, Delphinium, Aqui- 
legia, Helleborus, Thalictrum, Paeonia, Ranunculus, and Trollius. Roots of the 
golden seal (Hydrastis) continue to be in demand by the crude drug trade. From 

Small, following Rydberg, accepted the segregation of Ranunculus into 3 genera, 
Batrachium, Halerpestes, and Ranunculus. Rydberg recognized, in addition, the genera 
Cyrtorhyncha, Beckwithia, and Coptidium. By application of the same generic concepts, 
the genus Clematis was considered by one or both of these authors to be represented by 
the genera Clematis, Viorna, Viticella, and Atragene. Many authors accept the segrega- 
tion of Pulsatilla from Anemone (pronounced an-e-mo-ne, not aye-nem-o-nee) and some 
treat Hepatica as not generically distinct from Anemone. 

Representatives of these 2 South Pacific families do not occur as indigens and 
perhaps only rarely as exotics in this country. 

Within this tribe belong the Clematideae treated as an independent tribe by 
Robinson and Femald in Gray*s manual, ed. 7 (1908). 
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monkshood (Aconitum) are obtained febrifuges important in internal medicine; 
the plant contains strong narcotics that are exceedingly poisonous when parts are 
eaten. 
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LARDIZABALACEAE. LARDIZABALA FAMILY 



Fig. 137. Lardizabalaceae. Akehia quinata: a, flowering branch, X V 4 ; b, pistillate flower, 
X 1; c, staminate flower, X 1; d, fruit, X 14; e, ovary, cross-section, X 6. (From L. H. 
Bailey, Manual oj cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 
1949 by Liberty H. Bailey.) 

Mostly monoecious or dioecious twining shrubs (only Decaisnea of the Orient 
an erect shrub); leaves alternate, palmately compound (pinnate only in Decaisnea), 
estipulate; flowers mostly unisexual (bisexual in Decaisnea), actinomorphic, 
racemose or solitary, trimerous, the perianth biseriate (corolla absent in some 
genera and/or simulated by small petaloid nectaries), the calyx of 3-6 distinct 
often petaloid sepals; corolla (when present) of 6 smaller distinct petals, the 
staminate flowers with 6 distinct or basally connate stamens, the anthers 2-celled, 
distinct, basifixed, extrorse, dehiscing longitudinally, nectaries usually present 
between filaments and perianth, the pistillate flowers with gynoecium of 3-15 free 
distinct and divergent pistils, the ovary superior, 1-loculed, 1-carpelled, the ovules 
many (infrequently solitary), the placentation parietal, the stigma 1, oblique, 
subsessile; fruit a berry, usually splitting longitudinally at maturity; seed with small 
straight embryo and a copious firm-fleshy endosperm. 

A family of 7 genera and 20 species native in the Himalayas, China, Japan, and 
Chile (only Boqiiila and Lardizahala in Chile). Represented in the United States 
by cultigens as the ornamental hardy vine Akehia (2 spp.) and in warmer parts of 
the country, by the monotypic Decaisnea, by Lardizahala (1-2 spp.) and Staiin- 
umia (2 spp.).”^^ The fruits of all species are edible. 

LITERATURE: 
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BERBERIDACEAE. BARBERRY FAMILY 

Perennial herbs or shrubs; rootstocks sometimes of creeping rhizomes or tubers; 
eaves alternate or basal, simple or pinnately compound, deciduous or less com- 
nonly persistent {Mahonia, Nandina), mostly estipulate and with petioles basally 

The rarely cultivated Sargentodoxa cuneata, placed in this family by many authois, 
vas segregated by Hutchinson (1926, p. 100) into the unigeneric Sargentodoxaceae be- 
cause “the family in many ways combines in its two sexes the characters of the Lardiza- 
lalaceae and Schizandraceae, with the male flowers similar to the former, and the 
tynaecium of the latter.” This view was accepted by Stapf and by Rehder. 
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dilated; flowers bisexual, actinomorphic, solitary, in axillary cymes, a false raceme, 
or thyrse, the perianth biseriate, the 4-6 petals and like number of sepals similar 
or clearly differentiated, segments distinct and free, hypogynous, often caducous, 
1-2 whorls of often petaloid nectaries sometimes between corolla and androecium, 
the stamens 4-18, distinct, generally in 2 whorls, those of the outer whorl oppo- 
site the petals, the anthers 2-celled, basifixed, mostly dehiscing by flaplike valves 
recurving from theca base, infrequently by longitudinal splits {Podophyllum)', 
pistil 1, the ovary superior, 1-loculed (2-loculed in some Epiniediwn spp.)» 2-3- 
carpelled,"^® the ovules few and basal (rarely 1) or many on a single parietal pla- 
centa (seemingly basal in some species), ascending or erect, anatropous, the style 
short and thick or absent, stigma 1; fruit usually a berry, follicular (as in J offer- 
sonia), or the biovulate ovary pericarp rupturing and withering after fertilization. 
With the drupelike naked seeds maturing independently (in Caulophyllum)\ seed 
with a small embryo (long in Berheris) and copious fleshy endosperm (horny in 
Caulophyllum) , sometimes arillate. 



Fig. 138. Berberidaceae. a, Epimediitm versicolor: Aa, inflorescence branch, X Vi; Ab, 
flower, X 1; Ac, petal, X 2; Ad, leaf, X Vs. B, Berheris Thunbergii: Ba, flowering 
branch, X Vi\ Bb, flower, X 2; Be, petal with 2 basal glands, X 2; Bd, stamen, X 4; 
Be, pistil, vertical section, X 5; Bf, ovary, cross-section, X 8. (From L. H. Bailey, Manual 
of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Lib- 
erty H. Bailey.) 

A family of 10-12 genera and about 200 species, in the north temperate regions 
(some spp. of Berheris extend into southern South America). Seven genera are 
represented in this country by about 17 indigenous species. Most of these occur in 
the Pacific coast states {Mahonia 10 spp.,"^”^ Vancouveria 3 spp., Achlys 1 sp.) 
while in the eastern part of the country occur Jeffersonia (1 sp., a second native 
in Manchuria), Diphylleia (1 sp., a second in Japan), Podophyllum (1 sp., 4 
others in Asia), Caulophyllum (1 sp., a second in eastern Asia). Berheris, a large, 
primarily Asiatic genus, of about 175 species, is represented by 1 natural zed 
noxious species {B. vulgaris) and another {B. canadensis) native in eastern U.S. 

The Berberidaceae are distinguished from related families by the stamens 
biseriate with the outer opposite the petals, the valvate anther dehiscence, and the 

"^^The ovary of present-day members of the family is usually clearly unilocular and 
is seemingly 1-carpelled with parietal placentation. However, Chapman (1936) demon- 
strated that these members probably have evolved from proranalian ancestors that had 
flowers with 3 spirally arranged simple pistils that fused to form a 3-loculed ovary with 
axile placentation. It was hypothesized further that 2 carpels were suppressed and 
their placentae moved to one side of the ovary, and the locules lost by compression; this 
resulted in a unilocular condition, derived from a tricarpellate ovary. 

On the basis of evidence obtained from only 2 species of Mahonia and 42 species 
of Berheris, Dermen (1931) concluded that cytogenetic data do not justify the recogni- 
tion of these 2 taxa as separate genera. 
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unipistillate gynoecium. In most genera (except Podophyllum) the stamen number 
(equal to number of petals) is distinctive. 

There is general agreement that the genera of this family are not closely related 
to one another and that they are separable in 2 distinct subfamilies; one with 
Berberis, Caitlopliyllum, ixndi Leontice having been derived from a 3-carpelled 
ancestor and the second containing the other genera by virtue of presumed deriva- 
tion from a 2-carpelled ancestor. It was the opinion of Chapman (1936) that “it 
is doubtful whether any existing families may be related as the immediate prede- 
cessors of the Berberidaceae,” and she pointed out that this family and the Ranun- 
culaceae arose by parallel evolution from a proranalian complex. On the basis of 
carpellary anatomy, she expressed doubt that the Berberidaceae could have been 
the progenitors of the Papaveraceae or of the order Rhoeadales. 

Economically the family is of domestic importance for members of ornamental 
value (about 100 species of 9 genera are offered in the trade). Fruits of Podo- 
phyllum aie edible (preserves and beverages) but leaves and roots are poisonous. 
Berberis fruits likewise are edible, and plants of the naturalized B. vulgaris are the 
obligate host of the aecidial stage of wheat rust. 
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MENISPERMACEAE. MOONSEED FAMILY 



Fig. 139. Menisplrmaceae. Menispermum canadense: a, fruiting branch, X b, 
pistillate inflorescence, X V 2 \ c, pistillate flower (with staminodes), X 6; d, pistil, vertical 
section, X 8; e, staminate flower, X 6; f, anther, X 12. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 


Mostly twining woody dioecious vines, rarely erect shrubs or small trees; leaves 
alternate, persistent or deciduous, simple (rarely trifoliolate in few tropical spp.), 
mostly entire or occasionally palmately lobed, mostly palmately veined, petiolate. 
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ILLICIACEAE. ILLICIUM FAMILY 



Fig. 141. ILLICIACEAE. lUicium flondanum: a, flowering branch, X I/3; b, flower, vertical 
section, X 1; c, pistil, X 2; d, fruits, X 1. (From L. H. Bailey, Manual of cultivated plants, 
The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Shrubs or small trees; leaves persistent, alternate (often clustered at distal 
nodes), simple, entire, often aromatic, estipulate; flowers bisexual, actinomorphic, 
axillary near twig tips, solitary or in 2’s or 3’s, rarely borne on complex glomerules, 
perianth usually miiltiseriate and undifferentiated into calyx and corolla, the parts 
(tepals) 7-33, becoming centripetally larger or the innermost ones transitional 
toward stamens; stamens usually numerous (rarely as few as 4), 1-several seriate, 
the anthers 2-celIed, basifixed, dehiscing longitudinally, the connective sometimes 
enlarged and extending beyond the thecae; gynoecium of 7-15 (rarely to 21) 
pistils, these whorled, distinct and free, the ovary superior, 1-loculed, 1-carpelled, 
the ovule borne ventrally (parietal) near base of locule, anatropous, the style 
tapering, conduplicate, its ventral surface distally stigmatic; fruit a follicetum of 
1 -seeded ventrally dehiscent follicles; seed with minute embryo and copious watery- 
fleshy endosperm. 

The family was first definitely established by Smith (1947), although previously 
llUcium had been regarded as distinct from the Magnoliaceae proper, in one degree 
or another, by numerous students. With the Schisandraceae, it forms a sharply 
delimited group in the order. It is distinguished readily from the Schisandraceae by 
its nonscandent habit, bisexual flowers, short (rather than greatly modified) recep- 
tacle, comparatively few pistils in a single whorl, vascularized conduplicate style, 
single ovule, and fruit a follicetum composed of dehiscent distinct follicles. 

Most taxonomists have treated this group as representing a tribe of the Magnoli- 
aceae (Engler, Rendle, Bentham and Hooker), often linking the genus with 
Drimys and its relatives, while others (including Hutchinson, 1926) have placed 
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it in the Winteraceae,'^® a disposition rejected by Bailey and Nast (1^45) on the 
basis of differences in pollen morphology, stem anatomy, carpel morphology, and 
karyology. Smith (1947) observed that ‘7///c////n . . . has no close allies other 
than Schisandra and Kadsurci. The three genera will probably be treated by future 
phylogenists as composing, a suborder of the Ranales . . Contrasting the llli- 
ciaceae with the Schisandraceae, the same author concluded that . . the two 
groups . . . have become specialized in different ways and have each retained 
certain Iprimitiv^e characteristics. To say that one is more primitive than the other 
seems impossible.” 

Except for the fact that Uliciuni verum provides a volatile oil of commercial 
value, members of the family are of little domestic importance aside from their 
ornamental value in the warmer parts of the country, where 4 species are available 
in the trade. 
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SCHISANDRACEAE.®® SCHISANDRA FAMILY 



section, X 2; f, pistil, vertical section, X 6; g, fruiting peduncle, X V 2 . (b-f, adapted 
from Gray.) 

Clambering or twining woody, monoecious or dioecious vines; leaves alternate, 
simple, deciduous (or tardily so), estipulate; flowers unisexual, actinomorphic; the 
perianth of few to many essentially undifferentiated segments (tepals), in 2-many 
series, the receptacle often much modified: staminate flowers with an androecium 

The Winteraceae, a primitive ranalian family of predominantly southern hemisphere 
distribution, composed of 6 genera and about 90 species, is known in the United 
States only by 1 or 2 rarely cultivated species of Drimys. The family is of particular 
morphological, phyletic, and phytogeographical significance, and interested students 
should consult the findings and opinions of Smith (1943, 1947) and Bailey and Nast 
(1945). 

»<’Rehder has pointed out (Journ. Arnold Arb. 25: 129 131, 1944) that the original 
spelling of the name on which this family name was based is Schisandra Michx. (1803) 
and that it was changed illegitimately by de Candolle in 1817 to Schizandra. Rehder 
demonstrated further that there was no orthographic basis for this change in spelling 
and that the original spelling, Schisandra^ must bs retained. 
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morphic, perigynous. solitary or cymose, variable in structure, the perianth 
inconspicuous (absent in a few genera), of I whorl and calyciform when parts few 
(4-8) or biseriate and inner segments petaloid when numerous, borne on rim of 
convex to deeply urceolate hypanthium (perianth tube or receptacle of some 
authors); stamens few to numerous in 1-2 series or scattered over inner hypan- 
thium surface in staminate flowers, the filaments short, often flattened, frequently 
with lateral glandular appendages, the anthers 2-celled, basifixed, dehiscing longi- 
tudinally or transversely or by 2 flaplike upturning valves; gynoccium of many 
distinct pistils (rarely reduced to 1), the ovary superior, 1-loculed, 1-carpelled, 
the ovule 1, erect or pendulous, anatropous, the placentation parietal, the style 1, 
short or linear, the stigma 1 and terminal, staminodia sometimes present in 
pistillate flowers; fruit an achene or drupe enclosed by the hypanthium (the latter 
sometimes fleshy) or the pistils separate in fruit: seed with small embryo, the 
endosperm copious, oily, not ruminate. 



Fig. 146. Monimiaceae. Boldea holdus: a, flowering branch, Vi; b. staminate flower, 
habit, X 2; c, same, vertical section, X 3; d, stamen, X 10; e, pistillate flower, habit, X 2; 
i, same, vertical section, X 3; g, 'pistil, X 6; h, ovary, cross-section, ^ 10. 


A family of about 32 genera and 350 species, chiefly of the southern hemisphere 
and these primarily in Australia, Polynesia, Madagascar, and Oceania. Range exten- 
sions project into South America, north to Mexico (Mollinedia), and into tropical 
Africa. The largest genus is Siparunn, of tropical America, with about 125 species. 
No species are indigenous to this country. 

The Monimiaceae are considered closely related to the Calycanthaceae, as 
evidenced by the floral hypanthium and fruit, but arc distinguished from them bv 
the achene, the copious endosperm, the stamens often dehiscing transversely or 
valvately, and the plants sometimes dioecious or monoecious. 

The family is of considerable phylogenetic interest, and interpretation of its 
position in the phyla has been varied, for it has both magnoliaceous and lauraceous 
characters which are countered in part by the very inconspicuous and generally 
unisexual flowers. Its present and previous distribution is more akin to that of the 
Lauraceae. Its approach to an apetalous condition and the presence of an hypan- 
thium together with valvate stamens is suggestive of rosalian affinities. The 
morphological evidence seems stronger for alignment within the Laurales of 
Hutchinson than within the Magnoliales, a view upheld by the wood anatomy 
studies of Garratt (1934). 

Economically the family is of little domestic importance. A few species each 
of 3 genera (Hedycarya, Laurelia, and Boldea) are cultivated primarily for orna- 
ment in southern Florida and California. The 2 latter produce edible fruits, and 
wood of many members of the family is of commercial value in regions of 
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nativity, and Chilean boldo wood (Boldea boldiis) sometimes reaches our markets 
as a rarity for cabinet work. 
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LAURACEAE. LAUREL FAMILY 



Fig. 147 . Lauraceae. A, Persea americana: Aa, fruiting branch, X Ve; Ab, twig with 
flowers, X V 2 \ Ac, flower, X 1; Ad, same, vertical section, X 2; Ae, stamen (basal portion 
of filament removed), X 5; Af, fruit, vertical section, X 14. B, Sassafras albidum: foli- 
age, X 14. (After L. H. Bailey, Manual of Cultivated Plants, The Macmillan Company, 
1949.) 

Mostly evergreen (deciduous in temperature regions), sometimes dioecious, trees 
or shrubs (Cassytha, a twining parasitic perennial herb with leaves reduced or 
absent), bark and foliage usually aromatic; leaves usually alternate, occasionally 
opposite or subopposite, simple, usually entire, mostly penninerved, usually punc- 
tate and coriaceous, estipulate; flowers in usually axillary, occasionally subterminal, 
panicles, spikes, racemes, or umbels; generally bisexual, sometimes unisexual, 
actinomorphic, mostly 3-merous, small, greenish yellowish or white, the perianth 
biseriate, of usually 6 basally connate usually undifferentiated sepallike segments, 
deciduous or persistent, the tube usually persisting as a cupule at base of fruit; 
the androecium typically of 4 whorls of 3 stamens each, adnate to perianth tube, 
the innermost usually reduced to staminodes (sometimes onl> a single whorl 
remains functional, and one or more whorls of staminodes may be absent), the 
filaments usually free, rarely those whorls united, the third whorl usually bearing 
a pair of usually sessile and distinct basal glandular protuberances (occasionally 
connate and disc-forming), the anthers basifixed, 2-celled or 4-celled at anthesis, 
those of the 2 outer whorls mostly introrse, the inner third whorl extrorse, dehiscing 
by flaplike valves opening upwards (when 4-celled, the valves superposed, except 
in Nectandra where the cells are arranged in an arc); pistil 1, the ovary usually 
superior, 1-loculed, the ovule solitary, anatropous, pendulous, the placentation 
parietal, the styh 1, stigma 1, occasionally 2-3-lobed; fruit a drupe or berry usually 
surrounded at base by enlarged and often persistent perianth tube seated on an 
enlarged receptacle or pedicel; seed with large straight embryo, the endosperm 
absent. 

A family of 45 genera and about 1100 species of forest trees and shrubs of 
mostly tropical southeastern Asia (Australia to Japan) and paleotropical America 
(species of 2 genera extend to Canada); a few members occur in Africa, and 
Laurus nobilis extends to the Mediterranean region of southern Europe. The 
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family is represented here by indigenous species of 9 genera, all, with the exception 
of 1, in eastern parts of the country and mostly in the southeast: Umhellularia, 
a monotypic genus, occurs in California and Oregon; Sassafras alhiduni occurs 
east of the Mississippi from Florida to Ontario (a second species S. tzumu, indige- 
nous to central China); Lindera (Benzoin), with about 60 species of temperate 
and subtropical Asia, is represented by 2 species, chiefly in eastern North America, 
(L. Benzoin) extending from Maine to Ontario south to Florida and Texas, and 
L. melissaefolia from North Carolina to Florida and west to Missouri; Litsea, the 
pond spice, by one of its nearly 200 mostly Asiatic species; Persea (60 spp.)* 
chiefly an American genus, has 3 spp. native in the southeastern parts as far north 
as Virginia; Octea (250 spp.), a large pantropical genus, has I species native in 
peninsular Florida; Nectandra (about 100 spp.) and Licaria (about 50 spp.) both 
tropical American genera, each with a single species native in peninsular Florida; 
Cassytha, a genus of somewhat more than 25 spp., mostly of tropical Pacific 
range, has 1 pantropic species in Florida. 

The Lauraceae are distinguished by the small, undifferentiated perianth, the 
trimerous stamens in several whorls, the valvate anther dehiscence, and the 
drupaceous fruit whose single seed lacks endosperm. 

The family was divided by Pax (1889) into the subfamilies Perseoideae (anthers 
4-celled dehiscing by 4 valves) and the Lauroideae (anthers usually 2-celled 
dehiscing by 2 valves). The genera Cryptocarya, Lindera, Laurns, and Cassytha be- 
long to the presumably more advanced Lauroideae, with other genera in the Per- 
seoideae. Hutchinson placed the family (together with the Monimiaceae, Hernan- 
diaceae, and Myristicaceae et al.) m his Laurales, an order he considered as re- 
duced from perhaps winteraceous ancestors of the Magnoliales. 

Economically the family is important for the aromatic oils that are responsible 
for the fragrance of many of its members: the avocado (Persea ameriainu), cin- 
namon and camphor (Cinnatnomum), benzoin (Lindera), sassafras (Sassafras), 
and many fragrant woods used in cabinet work. Avocado growing is a major fru t 
industry in southern litates. Species of about 7 genera of the family arc cultivated 
domestically for ornament. 
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HERNANDIACEAE. HERNANDIA FAMILY 

Trees and shrubs (rarely lianous), monoecious in some genera; leaves alternite, 
palmately compound or simple, large, estipulate; flowers bisexual or uni:»cxual, 
actinomorphic, in axillary corymbs or large thyrses (paniculate cymes), the peri- 
anth usually biseriate, the 4-8 segments of each series calyciform and sepal’ike, 
stamens 3-5, opposite outer sepals, the anthers 2-celled, dehiscing longitud na ly 
or by 2 lateral valves, the glandlike staminodes often present in 1-2 who: Is cutsie'e 
the stamens; pistil 1, the ovary inferior, I-loculed, 1-carpelled, the ovule solitary, 
pendulous, the placentation probably parietal, the style 1, stigma 1, fruit basxally 
an achene, incompletely enveloped by the expanded inflated receptacle, sometimes 
a 2-4-winged samara; seed with straight embryo and no endosperm. 
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A family of 4 genera and about 25 species of almost pantropical distribution. 
Hernandia, a monoecious genus of 14 species, is the largest. Other genera include 
Gyrocarpus, lllifiera, and Sparattanthelium, None is native to this country. 

The family lacks natural affinities and homogeneity, and of the few characters 
that bond all elements together or distinguish the family from others are the 
combination of inferior uniovulate ovary, the usually monoecious condition, the 
bisenate calyx, and the often winged samara. When present, the valvate anthers 
and glandlike staminodes are distinctive. 



Fig. 148. HfcRNANDiAChAE. Hemundiu ovigera: a, flowering branch, X Vs; b, staminate 
flower, habit, X 2; c, same, vertical section, X 2; d, stamen, X 4; e, pistillate flower, habit, 
X 2, f. same, vertical section, X 2; g, fruit, X Yh. 


The Hernandiaceae have been accepted as a family by Wettstein, Engler and 
Diels, and by Hutchinson, each of whom placed it as near to but advanced over 
the Lauraceae. Bentham and Hooker and Hallier retained it within the Lauraceae. 
It is likely that its genera will be further segregated into additional families. 

Species of fienumdia are cultivated for ornament and as specimen trees in 
southern Florida. 


Order 22. RHOEADALES 


The Rhoeadales, as here circumscribed, are characterized by their usually her- 
baceous habit, the flowers bisexual and hypogynous with typically cyclic perianth 
parts and androecium, the gynoecium syncarpous with 2-many carpels and the 
placentation prevailingly parietal. 

This order was considered by Engler and Diels to be composed of 7 families 
distributed among 5 suborders as follows (names of families not treated in this 
text are preceded by an asterisk): 


Rhocadineae 

Papaveraceae 

Capparidineae 

Capparidaceae 

Cruciferae 

♦Tovariaceae (trop. Amer.) 


Resedineae 

Resedaceae 

Moringineae 

Moringaceae 

Bretschneiderineae 

♦Bretschneideraceae (southwest China) 


The order has generally been accepted to include the families listed above 
although not always of the same interrelationships (Hallier included the Morin- 
gaceae in the Leguminosae). Norris (1941) considered the Resedaceae and the 
Capparidaceae the most primitive families of the order, and noted that the Cru- 
ciferae, Fumariaceae, and Papaveraceae were “derived by subsequent parallel 
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evolution from a common ancestral group somewhat resembling the existing 
Resedaceae and Capparidaceae.” Similar views were held by Puri. The present 
placental situation is prevailingly parietal, but as Puri has shown for the Moringa- 
ceae, Cruciferae, and Capparidaceae this probably was derived from the axile type. 

LITERATURE: 
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Rhoeadales. Amer. Journ. Bot. 28: 101 -113, 1941. 
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PAPAVERACEAE. POPPY FAMILY 



Fig. 149. Papaveraceae. a, Papaver somniferum: Aa, flowering branch, X 14; Ab, 
flower, vertical section, X Vi; Ac, ovary, cross-section, X 2; Ad, capsule, X Vi. B, 
Platystemon calif ornicus: fruits, X 1. C, Glaucmm ftavunv. capsule, X Vi. D, Eschscholzia 
califonvca: Da, flowering branch, X Vi; Db, bud, X Vi; Dc, capsule, X ¥>. (s sepal, 
p petal.) (From L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 
1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Herbaceous annuals or perennials, rarely shrubs (Dendromecon) and very rarely 
trees (Bocconia a tree to 30 ft), sap usually milky or colored (watery in Esch- 
scholzia, Hunnemannia, et al.); leaves alternate (uppermost ones whorled in 
Platystemoneae), entire to pinnately or palmately cleft, estipulate; flowers mostly 
solitary (paniculate in Macleaya), bisexual, actinomorphic, showy, the perianth 
biseriate or 3 -seriate, the calyx of 2-3 distinct sepals (connate and calyptrate in 
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Eschscholzia) y usually caducous, the corolla of 4-6 or 8-12 petals (absent in 
Macleaya)y the petals in 1-2 whorls (rarely in 3), distinct, imbricate, often crum- 
pled in bud; stamens numerous in several whorls (only 4 stamens in Pteridophvl- 
lum, Hypecoum)y hypogynous, the filaments often alate and petaloid, the anthers 
2-celIed, dehiscing longitudinally; gynoecium of a single pistil (pistils several and 
coherent in Platystemon)y the ovary superior, 1-loculed (rarely several-loculed by 
connation of intruding placentae or 2-loculed by a spurious septum), 2-many 
carpels, the ovules numerous on each placenta (solitary and basal in Bocconia)y 
anatropous or campylotropous, the style usually 1 or obsolete (several in Platy- 
stemon)y the stigmas as many as the carpels and alternate or opposite the 
placentae; fruit a capsule (follicular in Platystemon) y dehiscing by pores or valves, 
rarely indehiscent; seed with minute embryo and copious oily or mealy endosperm. 

A family of 28 genera and about 250 species, mostly of the subtropic and tem- 
perate regions of the northern hemisphere, with centers of distribution in western 
North America and eastern Asia (12 genera arc strictly American, and 9 are 
Asiatic). The family is rare in the southern hemisphere. Glauciiim (20 spp.) and 
Papaver (90 spp.) are primarily of the Mediterranean region, although the latter 
is represented by a few species in Asia and America. Other large genera include: 
Meconopsis (Asia, 45 spp.), Hypecouni (China, 15 spp.) and Argemone (Calif, to 
Mexico, 10 spp.).**^ The following genera, together with their number of species 
(vide Fedde), occur in the United States: Meconella (including Hesperomecon) 
13, Romney a 2, Stylomecon 1, Arctomecon 3, Sangidnaria 1, Stylophorum 1 (2 
spp. in eastern Asia), Chelidoniuni 1, Canhya 2, and Papaver 1 (P. calif ornicum) , 

Members of the Papaveraceae, as here delimited, are readily distinguished by 
the combination of actinomorphic bisexual flowers with caducous calyx, the usually 
crumpled corolla, the stamens generally numerous in several whorls, the unilocular 
compound ovary with parietal placentalion, and the usually capsular fruit dehiscing 
by pores or flaplike valves. The presence of colored or milky sap is a reliable 
character when present. 

There has been no serious challenge to the relative position of the family within 
the Rhoeadales. Undoubtedly Platystemon with its distinct pistils represents a 
primitive element, but the gynoecial situation, as shown by Arber (1933), is not 
fundamentally different from that encountered in other genera of the family. 
Basically, the ovary of the other genera is a compound structure derived from 
the marginal fusion of a single whorl of carpels, followed by the intrusion of the 
parietal placentae (each placenta composed of the margins of 2 adjacent car- 
pels).**^ The division of the family into 3 subfamilies was accepted by Fedde (1936) 
on the basis of the following differences: Hypecoideae, flowers actinomorphic, 
stamens 4, carpels 2; Papaveroideae, flowers actinomorphic, stamens numerous, 
carpels 2-many; and Fumarioideae, flowers zygomorphic, stamens diadelphous in 

There is marked difference of opinion as to the number of species composing the 
Pacific coast genera; Fedde (1936) recognized the geneia Pschschulziay Platystemon, and 
Dendromecon to be composed of 120, 60, and 20 species respectively, whereas Abrams 
(1944) counted the species of those genera to be 12, 1, and 2 respectively. It appears 
that Fedde may have been influenced by the writings of E. L. Greene, who applied 
binomials fieely to taxa not generally accepted as species, and that the concepts of 
Abrams may more closely approach the actual condition. 

Excluding genera already accounted for above. 

“‘‘See papers by Dickson (1935) and Saunders (1937) for opposing views wherein it 
was held that the papaveiaceous ovary consists of 2 whorls of carpels, that is that there 
are twice as many carpels as there are placentae, with half the number fertile and the 
other half sterile and comprising the median region of each of the fertile carpels. The 
views were rejected by Arber, Eames, Pun, and others as incompatible with the floral 
anatomy. 
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3’s, carpels 2. American authorities currently accept the segregation of the Fumari- 
oideae as a distinct family (Fumariaceae), a view followed in this text. 

The Papaveraceae are of economic importance for the opium of commerce, 
obtained from the sap of unripe capsules of Papaver somniferiun (the alkaloid, 
morphine, is not present in the seeds sometimes ground and used as flour). Of 
secondary importance for their ornamental value are scores of species from about 
20 genera, especially the Oriental poppy {Papaver orientate) ^ Iceland poppy (P. 
niidicaiile) , bush poppy {Dendromecon), California poppy {Eschscholzia) , celan- 
dine poppy {Stylophorum), Welsh and blue poppy {Meconopsis) , prickly poppy 
(Argemone), tulip poppy {Hunnemannia), and plume poppy {Macleaya). 
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FUMARIACEAE. FUMITORY FAMILY 



Fig. 150. Fumariaceae. Dicentra spectahdis: a. portion of plant in flower, X Vs\ b, 
flower, habit (less calyx), X Vi (i.p. inner petal, o ovary, o.p. outer petal, s sepal, st 
.stamen, stg stigma); c, bud, showing calyx, X 1: d. flower, one outer petal removed. 
- ^4; e, pistil, vertical section, X 1; f, ovary, cross-section. 8: g. three connate stamens, 
X 34; h, same, distal end, X 2; i, same, showing nature of anthers. X 4. (After L. H. 
Dailey, Manual of Culthated Plants, The Macmillan Company, 1949.) 


Herbaceous plants with watery sap, sometimes lianous; leaves alternate, in basal 
rosettes or cauline, rarely subopposite, usually much-divided or dissected; flowers 
bisexual, transversely zygomorphic, usually racemose, the perianth triseriate, the 
calyx of 2 minute caducous sepals; corolla of 4 more or less coherent and some- 
times basally connate petals in 2 whorls, one (as in Corydalis) or both of the 2 
outer petals usually basally saccate or spurred, the inner ones narrower, crested and 
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united over the anthers; stamens 6,®"" three on each side of the pistil, the filaments 
somewhat winged and coherent to connate for much of their length, 1 or 2 nectar 
glands usually present at base of androecium; pistil 1, the ovary superior, 1-loculed, 
2-carpelied, the placentation parietal, the ovules 2-many, the style 1 and slender, 
stigma 1, sometimes 2-lobed, stigmatic surfaces 2, 4, or 8; fruit a transversely septate 
capsule dehiscing by valves, or an indehiscent 1-seeded nut {Fumana) \ seeds with 
minute embryo and copious soft watery-fleshy endosperm, the cotyledons 1 (some 
spp. of Corydulis) or 2. 

A family of 19 genera and about 425 species {vide Fedde) distributed mostly in 
the Old World and primarily in temperate Eurasia. Four genera (with a total of 
7 spp.) occur in South Africa. Three genera have indigenous representatives in 
this country: Adlnmia (monotypic) a biennial vine of the northeast with tripin- 
nate leaves; Dicentra (Bicuculla), a genus of perhaps 300 species of north tem- 
perate regions and South Africa, by 4 spp. in the Pacific states and 4 additional 
species in the eastern states, and Corydalis widely distributed with 10 indigenous 
species. Aside from Corydalis, the only other large genera are Fumaria (50 spp.) 
and Rupicapnos (30 spp.), both primarily of the Mediterranean region. Only 
Dactylicapnos (8 spp.) is exclusively Asiatic. 

The circumscription of this family has been variously interpreted. Most European 
botanists (including Engler and Diels) have treated it as a subfamily of the 
Papaveraceae. Hutchinson recognized it as a family but included with it the 
Hypecoideae, here retained in the Papaveraceae. Fedde, the most recent monog- 
rapher of the group, placed the Fumariaceae within the- Papaveraceae. For pur- 
poses of convenience, it seems desirable to treat it as a distinct family (excluding 
the Hypecoideae), distinguished by the zygomorphic corolla, distinctive androecium 
of 6 stamens, and the closed flowers with coherent to partially connate petals. 

The family is of little economic importance exceot for the few ornamental 
species, bleeding heart (Dicentra officinalis) the most important. 
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y/^APl*ARIDACEAE. CAPER FAMILY 

Herbs, shrubs, or trees, sometimes lianous, without latex; leaves alternate (rarely 
opposite), simple or palmately compound (frequently unifoliolate), the stipules 
minute, glandular to spinose, or absent; flowers bisexual or unisexual (the plants 
then monoecious, as in Podandrogyne), actinomorphic or more often zygomorphic, 

The various interpretations of the androecial situation in the Fumariaceae (sensu 
Hutchinson) have been reviewed by Norris (1941, pp. 108-109). In those genera possess- 
ing an androecium of 6 anthers (2 dithecal and 4 monothecal), the stamens are arranged 
in 2 groups of 3 each on opposite sides of the pistil, with 1 monothecal stamen on each 
side of a dithecal stamen. Norris believed that the stamens are basically in 2 whorls, the 
4 monothecal in the inner and the 2 dithecal stamens in the outer whorl; he hypothesized 
that the present situation was derived from ancestral forms having 8 monothecal stamens, 
the 2 present outer dithecals representing the fusion of 4 monolhecals. Likewise, the 4 
dithecal stamens now present in genera such as Hypecoiim are believed to represent 
fusion of all 8 ancestral monothecals into 4 pairs. 
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Jahrb. Wiss. Bot. 68(1): 1-45, 1928. [For same title, see also Jahrb. Wiss. Bot. 76: 
485 -527, 1932.1 
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Fig. 152. Cruciferae. A, Thlaspi arvense: Aa, habit of plant, X Vfj; Ab, flower, habit, 
X 4; Ac, flower, top view, X 4; Ad, flower, less perianth, X 5, Ae, pistil, vertical section 
transverse to replum, X 10, Af, ovary, cross-section, X 10; Ag, silicle, side view, X 1; 
Ah, silicle, cioss-section, X IV 2 ; Ai, seed, X 5; Aj, seed, cross-section (cotyledons accum- 
bent). B, Stanley a pinnata: Ba, flower, habit, X 1; Bb, anther, X 4; Be, silique, X 1. 
C, Alxssum saxatile: Ca, silicle (dehiscing), X 5; Cb, silicle, cross-section, X 5; Cc, seed, 
winged, X 5; Cd, seed, cross-section, X 8; Ce, stellate hairs, X 2. D, Cakile maritima: 
Da, fruit, habit, X P/ 2 ; Db, fiuit, vertical section, X P/ 2 ; Dc, seed, X 3; Dd, seed, 
cross-section, X 3. E, Lesquerella ovalifolia: Ea, silicle, habit, X 2; Eb, silicle, de- 
hiscing, X 2. F, Raphanm raphanistnmi: Fa, silique, habit, X 1; Fb, silique, verti- 
cal section of distal end, X 2; Fc, seed, cross-section (cotyledons conduplicate), 
A 4. G, Brassica arvensis: Ga, silique, habit, X IV^; Gb, silique, vertical section, 
X P/u; Gc, seed, X 6; Gd, seed, cross-section, X 6. H, Descouraima pinnata: Ha, 
silique, habit, X 4; Hb, silique, vertical section, X 4; He, silique, cross-section, X 8. 
I, Draba tupestris: leaf section with mostly forked hairs, X 4, J, Hesperis matron- 
alls: Ja, flower, habit, X 1; Jb, flower, less perianth, X 3; Jc, stigma, side and edge- 
wise views, X 8; Jd, silicle, dehiscing, X V 2 ; Je, seed, cross-section (cotyledons incum- 
bent), X 8. K, hat IS tinctona: Ka, fruit, habit, X Wi; Kb, seed, X 6; Kc, seed, cross- 
scction (cotyledons incumbent), X 12. L, cross-sectional diagrams to illustrate the Pnri 
theory (1945) for hypothetical derivation of crucifer type ovary: La, 4-loculed (and 
;carpelled) presumed ancestral type with axilc placentation as in some Moringaceae, note 
inverted placental strands); Lb, reduction to bilocular and bicarpellate condition, with 
axile placentation, no ovule reduction; Lc, each axile placenta with components has 
split and fused to adjacent halves of intermediate (and “lost”) carpels, note fusion of 
inverted placental strands; Ld, carpel margins shortened and placental strands moved 
peripherally, close to median marginal strand; Le, sterile tissue intruding from each 
peripheral and parietal placenta toward center producing, on fusion, a “false septum” or 
replum (as in Af or Cb). M, cross-sectional diagrams to illustrate the Eames and Wilson 
theory (1930) for the derivation of crucifer type ovary: Ma, two whorls of two open 
fertile carpels; Mb, the two inner carpels closed and connate, withlhe two outer carpels 
open and appressed against the inner; Me, the two outer carpels sterile by loss of ovules, 
the inner two with smaller locules by contraction, the ventral bundles retreating from 
their marginal position; Md, the locules of inner carpels lost by compression, the ovules 
pushed outside into the locules of the sterile carpels, the inverted ventral bundles near 
the dorsal bundle; Me, same, the replum thinner and ventral bundles fused. ( A-K from 
1 . H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copyright 1924 
and 1949 by Libeity H. Bailey.) 
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RESEDACEAE. MIGNONETTE FAMILY 



Fig. 153. RisroAChAh. Reseda odorata: a, flowering branch, X Vh; b, inflorescence, X Vi] 
c, flowei, X 3; d, same, vertical section, X 3; e, ovaiy, cross-section, X 7; f, capsule, X 1. 
(From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. 
Copyright 1924 and 1949 by Liberty H. Bailey.) 

Annual or perennial herbs, siiffrutescent or (in the north African Ochradenus 
and Raii'lonia) shrubs, sap watery; leaves alternate, simple or pinnately divided, 
stipules glandlike and minute; flowers bisexual or infrequently unisexual (in some 
spp. of several genera, the plants then usually monoecious), zygomorphic, in ra- 
cemes or spikes, perianth biseriate, the sepals (and petals) usually 4-8, valvate in 
bud, distinct, the petals sometimes lacking or only 2, the 2 posterior ones usually 
much the larger and often laciniately lobed; stamens 3-40, usually borne on a uni- 
laterally expanded disc, the anthers 2-celled, dehiscing longitudinally, introrse: 
pi . til 1, the ovary superior, 1-loculed, the carpels 2-6, distinct or marginally con- 
nate, usually open at the top and each with its own stigma, the ovules numerous, 
tinatropous, the placentation parietal, the stigmas as many as carpels, styles none; 
fruit a capsule or berry; seeds reniform with curved embryo and the endosperm 
present and fleshy. 
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A family of 6 genera and about 70 species, of which about 60 species belong 
to the primarily Mediterranean Reseda, Several species of Reseda are ad'^entive 
from southern Europe in waste places of much of this country. Oligomeris, with 
flowers having only 2 petals and no disc, is primarily African, but 1 species (O. 
linifoUa) is widely distributed as an indigen of somewhat arid and saline habitats 
of the warmer parts of the northern hemisphere and in this country extending 
northward from Mexico into western Texas west to southern California. The 
remaining 4 genera occur in southern Europe, North Africa, and southwestern Asia. 

Members of the family are usually distinguished by the combination of char- 
acters as represented by the glandular stipules, the zygomorphic flowers, the often 
lobed petals, and the open unilocular ovary each of whose terminal lobes (carpel 
tips) is terminated by a minute stigma, and by the capsule usually open apically 

The Resedaceae are undoubtedly a phyletically advanced family within the order, 
as treated by Engler, Rendle, and Bessey. Hutchinson, following Bentham and 
Hooker, aligned them with the Violaceae. The presence of a third and innermost 
seed coat in species of both Resedaceae and Capparidaceae was concluded by Orr 
(1921) to provide added evidence of the close relationship between these 2 
families. Arber (1942) concluded that despite the open character of the pistil apex, 
tbe presence of pollen-tube conveying canals from stigmas to placentas provided 
evidence that the gynoecium is angiospermous. 

Economically the family is of little importance. Mignonette (Reseda odorata) 
long has been cultivated for the fragrance of its flowers, and dyer’s weed (R. 
luteola) was once much grown as a source of a yellow dye used in the textile 
industry. 
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MORINGACEAE. MORINGA FAMILY 

Deciduous trees; leaves alternate, 2-3 pinnately compound with opposite pinnae, 
the stipules and stipels reduced to basal glands or none; flowers bisexual, zygo- 
morphic, in hairy axillary cymose panicles, the perianth biseriate, the sepals 5 and 
reflexed, borne on a very short hypanthium that envelops a saucerlike disc. 

The flower is described throughout most of the literature as having a short calyx 
tube and 5 calyx lobes. It was shown by Puri (1942) that the “floral cup” is in part 
receptacu'ar and in part appendicular: the basal and posterior portions are an invagina- 
tion of the receptacle and the rim and anterior portion represent the fused bases of sepals, 
petals, and stamens. The “cup” is of the Rosa type, and for taxonomic purposes is better 
designated an hypanthium. 

In his study of the carpellary situation, Puri showed the 2 rows of ovules on each 
placenta to represent those of the 2 ventral margins of the same carpel that had become 
folded inward, rather than 1 row from each of 2 adjoining carpel margins as is typical 
of normal parietal placentation. For this reason, and because of the “solidifying” of th 3 
carpels, he designated the placentation extracarpellary, and the cavity within the ovary 
an ovarian chamber, instead of a locule; distinctions of morphological rather than of 
taxonomic significance. 
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unequal and imbricated, the petals 5, distinct, borne on the hypanthium, the 2 
posterior ones smaller and reflexed with laterals ascending and the anterior one 
larger; androecium of 5 functional declinate stamens of unequal length alternating 
with an outer whorl of 3-5 filiform or setiform staminodes, borne on disk rim, the 
filaments distinct, the anthers 1 -celled, dehiscing longitudinally, forming a head 
through which the style protrudes at anthesis; pistil 1, the ovary superior, stipitate, 
usually curved and villous, 1-loculed, 3-carpelled, the ovules numerous, in 2 rows 
on each of 3 parietal placentae, anatropous, pendulous, the style 1 and slender, the 
stigma 1 and truncate; the fruit an elongated siliquelike triquetrous capsule, 
3-valved, rostrate; seeds many, large, ovate, 3-winged or wingless, the embryo 
straight, the endosperm absent. 



Fig. 154. Moringaceae. Mormaa oleifera: a, flowering branchy X Vi; b, flower, X 1; c, 
same, vertical section, X 1; d, ovary, cross-section, X 5; e, fruit, X Vb\ f, seed on capsule- 
valve, X Vi. (From L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 
1949. Copyright 1924 and 1949 by Libeity H. Bailey.) 

A unigeneric family {Moringa), considered by Philips (1926) to have 4 species 
and by Pax (1936) and Puri (1942) to have 10 species, native in the Old World 
tropics; adventive in the New World tropics. 

Members of the family are distinguished readily by liie alternate decompound 
leaves with opposite pinnae, the pentamerous zygomorphic flowers with 5 stamens 
and 3-5 alternating staminodia borne on a short hypanthium, and the long 3-valved 
fruit with often winged seeds. 

Bessey placed the family in the Rhoeadales. Wettstein did likewise, treating it as 
doubtfully near the Resedaceae. Hutchinson included it with the Capparidaceae in 
his Capparidales, while Datta and Mitra (1947) considered it most closely related 
to the Violaceae (accepting Hutchinson’s concept and disposition of the Violales). 
On the basis of new carpellary evidence, presumably not known to Datta and 
Mitra, Puri (1942) considered the family to be characterized in part by its com- 
plex carpellary situation, known elsewhere only in other families of the Rhoeadales 
(Cruciferae and Capparidaceae). 

Economically the family is important domestically for the horse-radish tree 
(Moringa oleifera), cultivated for ornament and its edible fruits in southern Florida 
and southern California. The roots are a source of an edible condiment. Oil of ben, 
a nondrying oil, is obtained from the plant. 
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Order 23. SARRACENIALES 

An order of insectivorous plants: herbs with usually alternate leaves, insectivT)- 
rous by means of “pitchers” or sensitive usually glandular-viscid hairs, and actino- 
morphic flowers with uniseriate to biseriate perianths. 

The 3 families (Sarraceniaceae, Nepenthaceac, and Droseraceae) are considered 
by most to compose a natural taxon (Hallier reduced the Nepenthaceae to tribal 
status within the Sarraceniaceae), although Hutchinson transferred the Nepen- 
thaceae to the Aristolochiales. 


SARRACENIACEAE. PITCHER-PLANT FAMILY 



Fig. 155. Sarracfniaceae. Sarracenia purpurea: a, flowering plant, X Vu; b, flower, X Va: 
c, same, vertical section, less perianth, X d, ovary, cross-section, X 1; e, capsule, X 
Va; f, leaf, X 14. (p petal, s sepal, stg stigma.) (From L. H. Bailey, Manual of cultivated 
plants. The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Herbaceous perennials; leaves rosulate, tubular, often alate, with usually a small 
terminal lamina, the tube often retrorsely hairy within; flowers bisexual, actino- 
morphic, solitary, and scapose or (in Heliamphora) racemose, the perianth bi- 
seriate, the sepals 4-5, distinct, imbricate, hypogynous, persistent, often colored and 
showy, the petals 5 or absent, distinct, hypogynous; stamens numerous but not 
clearly cyclic nor spiraled, distinct, hypogynous, the anthers 2-celled, dehiscing 
longitudinally; pistil 1, the ovary superior, 3-5-loculed and -carpelled and usually 
with as many lobes, the placentation axile, the ovules numerous on each placenta, 
anat-opous, the style 1 and apically briefly lobed or the apex much expanded and 
peltaie with as many lobes as carpels and each lobe tip stigmatic beneath; fruit a 
loculicidal capsule; seeds minute, with small embryo and soft-fleshy endosperm. 

A family of 3 genera and 14 species of bog plants, of which 9 spp. belong to 
Sarracenia (eastern North America), 4 to Heliamphora (northern South America), 
and a single species of Darlingtonin (montane meadows of northern California and 
adjoining Oregon). 

Members of the family are distinguished by the basal rosettes of tubular leaves, 
the persistent often colored sepals, the numerous stamens and the often umbrella- 
like style apex. 

The Sarraceniaceae are of no significant economic importance. Several species 
of Sarracenia are listed in the trade. Darlingtonia is offered as a novelty, but is of 
difficult culture. Plants of the family are of special interest because of their 
insectivorous character. The pitchers secrete an enzyme that mixes with accumulated 
rain water and hastens the disintegration of insects enmeshed in the retrorse hairs. 

LITERATURE: 

Edwards, H. Darlingtonia calif ornica Torrey. Proc. Calif. Acad. Sci. 6; 161-166, 1876, 
Hecht, a. The somatic chromosomes of Sarracenia. Bull. Torrey Bot. Club, 76: 7-9, 
1949. 
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Uphof, J. C. T. Sarraceniaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, 
ed. 2, Bd. 17b: 704-727, 1936. 

Walcott, M. V. Illustrations of North American Pitcher-plants. 34pp., 15 col. pi. 
Smithsonian Inst., Washington, D. C., 1935. 


^ NEPENTHACEAE. NEPENTHES FAMILY 



Fig. 156. Nepei^thaceae. Nepenthes: a, flowering branch, X Vs; b, leaf-tip pitcher, X 14; 
c, pistillate flower, X 3; d, pistil, vertical section, X 4; e, ovary, cross-section, X 10; f, 
staminate flower, X 2; g, capsule, X 3. (From L. H. Bailey, Manual of cultivated plants^ 
TTie Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Dioecious, herbaceous, suffrutescent, or shrubby plants, often climbing by their 
leaves; leaves alternate, composed of a petiole, a winged or expanded portion fol- 
lowed by a constricted often coiled zone (tendril), termiriated by a pendant often 
highly colored urceolate to cylindrical pitcher (ascidium), that has a recurved 
fluted rim and a variously margined lid (operculum); flowers unisexual, actino- 
morphic, small and greenish, racemose to paniculate, the perianth of 2 dimerous 
whorls, the sepals 3-4, usually distinct, nectiferous; staminate flowers with 4-24 
stamens, the filaments monadelphous in a column, the anthers distinct, 2-celled, 
dehiscing longitudinally; pistillate flowers with a single pistil composed of a superior 
3-4-loculed and -carpelled ovary, the placentation axile, the ovules many, the style 
1 and stout to obsolete, terminated by a discoid stigma; fruit an elongated leathery 
loculicidally dehiscent capsule; seeds numerous, filiform, ascending, imbricated, the 
embryo straight, surrounded by fleshy endosperm. 

A unigeneric family of about 60 species, primarily of Borneo but extending 
through the Old World tropics to southern China and Australia. None is native in 
the New World. 

The genus Nepenthes is easily distinguished by its dioecious character, the pen- 
dant showy pitchers, and the monadelphous staminate flowers. 

Many species and hybrids are cultivated domestically under glass as novelties. 
The pitchers secrete enzymes with digestive properties that attack insects which 
fall into the usually water-containing vessels and drown. 

LITERATURE: 

Harms, H. Nepenthaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, 
Bd. 17b: 728-765, 1936. 

^ DROSERACEAE. SUNDEW FAMILY 

Annual or perennial glandular herbs or rarely subshrubs, mostly bog plants 
{Aldrovanda a submerged aquatic); leaves alternate, usually in basal rosettes, 
often circinate in bud, both surfaces (except in Dionaea) generally covered with 
viscid stalked glands responsible for trapping small insects; flowers bisexual, acti- 
nomorphic, hypogynous, the inflorescence determinate* racemose to paniculate, the 



DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 


529 


perianth biseriate, the sepals 4-5, mostly briefly and basally connate, persistent, 
imbricate, the petals 5, distinct, convolute; stamens 5-20 in 1 or more pentamerous 
whorls, distinct or rarely the filaments basally connate, the anthers 2-celled, the 
cells sometimes divergent and with broad connective, dehiscing longitudinally, 
extrorse, the pollen in tetrads; pistil 1, the ovary superior sometimes nearly hall 
inferior, 1-loculed with 3-5 carpels and as many parietal placentae or (in Dionaea 
and Drosopliyllum) the several ovules situated at the base of the unilocular ovary 
(in some spp. the ovary 3-5-loculed with axile placentation), the ovules few to 
many on each placenta, the styles 3-5, distinct, often forked or branched, the 
stigmas as many as stylar tips; fruit a loculicidal capsule; seeds numerous, the 
embryo straight, the endosperm crystalline-granular. 



Fig. 157. Droseraceae. A, Drosera rotimdifoUa: Aa, plant in flower, X V 2 \ Ab, flower, 
side view, X 2; Ac, same, face view, X 2; Ad, same, vertical section, x 12; Ae, ovary, 
cross-section, X 15. B, Dionaea muscipula: Ba, plant in flower, X Bb, leaf, X Vi. 
(From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Liberty H. Bailey.) 


A family of 4 genera and perhaps 90 species. Three of the genera are monotypic: 
Drosopliyllum (of the western Mediterranean), Dionaea (of North and South 
Carolina and Aldrovanda (widespread in the Old World). Drosera, with per- 
haps 85-88 species and most abundant in Australia, is represented by a few species 
in most regions of all continents. In this country, the almost cosmopolitan D. 
rotundifolia occurs in all but the southwestern section of the country. The more 
boreal D. intermedia (D. longifolia) occurs across the northern part of the country 
but in the east extends south to Florida. Five other species occur in the eastern 
part of the country. 

The family is distinguished by the insectivorous character of its rosulate leaves, 
the bisexual primarily 5-merous flowers, and by the determinate inflorescence 
(often mistaken to be a true raceme or panicle). 

Many authors (incl. Wettstein) placed the Droseraceae in the Parietales neai 
Violaceae and Ochnaceae on the basis of the parietal placentation. Others followed 
Lindley, who placed them in the Saxifragaceae because of the determinate inflo- 
rescence, the often half-inferior ovary, and similarities of androecium and perianth 
as well as of ovule morphology. In many respects, such as the insectivorous and 
aquatic habit of Aldrovanda, and the glandular hairs, the family is similar to the 
Lentibulariaccae, a similarity due to parallel development rather than phyletjc 
relationship. 

The family is of little pr no economic importance. Venus’-flytrap {Dionaea) is 
sold in the trade as a novelty. The leaves of Drosera yield a violet dye, once but 
no longer of commercial importance. 

Accepted by J. K. Small as constituting a separate family, Dionaeaceae. 
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Order 24. ROSALES 

The Rosales are characterized by the flowers generally cyclic, typically pentam- 
erous, hypogynous to cpigynous (perigyny common), the androecium commonly 
of many whorls, the gynoecium apocarpous to syncarpous but the styles generally 
distinct, and integuments typically 2. 

The order was considered by Engler and Diels to be composed of 17 families 
distributed among 2 suborders as follows: 

Saxifragineae 
Crassulaceae / 

♦Cephalotaceae (Australia) 

Saxifragaceae 
Pittosporaceae 
♦Byblidaceae (Australia) 

♦Brunelliaceae (So. Amer.) 

Cunoniaceae 

♦Myrothamnaceae (So. Afr.) 

♦Bruniaceae (So. Afr.) 

Hamamelidaceac 
♦Roridulaceae (So. Afr.) 

Eucommiaceae 

Students familiar with earlier editions of the Engler system will note the transfer 
by Diels of the Podostemaceae from the Rosales to an order by themselves im- 
mediately preceding the Proteales. 


Rosineae 
Platanaceae 
Crossosomataceae 
Rosaceae \/^ 

♦Connaraceae (pantropic) 
Leguminosae 


CRASSULACEAE.®^ ORPINE FAMILY 

Annual or perennial herbs, shrubs, or raiely scandent, succulents; leaves opposite, 
whorled, or alternate, mostly persistent, usually simple and entire, fleshy, estipulate; 
flowers bisexual (rarely unisexual, the plants then usually dioecious), actino- 
morphic the inflorescence cymose, of lateral cymes, or a monochasium, bracteate; 
perianth of calyx and corolla, the sepals 4-30 (3), generally distinct or nearly so 
(connate in some Kalanchoe), the petals of same number as sepals, distinct (con- 
nate in some spp. of Kalanchoe and Cotyledon)', stamens typically in 2 whorls 
(1 whorl sometimes absent), usually as many or twice as many as petals, distinct 
(rarely basally connate), generally hypogynous unless petals basally connate and 
then usually borne on the corolla tube, the anthers 2-celled, dehiscing longitudi- 
nally, introrse; gynoecium of 3-more distinct or basally connate pistils (usually as 

Families whose names are preceded by an asterisk are not accounted for in the treat- 
ments that follow. 

The name Crassulaceae DC. (1805) has been conserved over Sedaceae Necker (1770) 
nomen subnudum. For discussion of the latter name, see Barnhart in Bull. Torrey Bot. 
Club, 22: 13, 1895. 
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many as petals), each subtended by an hypogynous scalelike nectiferous gland 
(petaloid in Monanthes, absent in Greenovia)^ the ovary superior, l-loculed, 
1-carpelled, the ovules many or rarely few, the placentation parietal, the style 1, 
usually linear, the stigma 1; fruit a follicle; seeds with straight embryo and usually 
with the endosperm fleshy and scant, rarely none. 



Fig. 158. Crassulaceae. a, Kalanchoe Daigremontiana: Aa, inflorescence, X Ve; Ab, 
flower, face view, X Vi; Ac, corolla expanded with stamens, X Vi; Ad, pistils, X 
Vi. B, Sedum acre: Ba, habit in flower, X Vi; Bb, flower, face view, X 1; Be, two petals 
and stamens, X 2; Bd, pistils, X 2. C, Sempervivum tectorum: Ca, habit in flower, X Va\ 
Cb, flower, face view, X Vi; Cc, two petals with stamens, X 1; Cd, pistils, X 2; Ce, 
cauline bract, X 1. (From L. H. Bailey, Manual of cultivated plants, The Macmillan Com- 
pany, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

A family of wide geographical distribution although almost entirely absent from 
Australia and Oceania, and only a few representatives of 3-4 genera occur in South 
America. The criteria for the demarcation of genera are few and weak, resulting 
in the number of genera for the family being interpreted variously from a few 
(Kuntze) to 33 (Berger) and the species from 500 (Abrams) to 1300 (Berger). 
The plants for the most part inhabit the drier parts of the earth, but principally 
south- central Asia, the Mexican highlands. South Africa, and the Mediterannean 
region, with many endemics occurring on the Canary and a few on the Madeira 
Islands. In this country they are most abundant in arid region of the west and 
southwest. The largest genera include Crassula (about 250 spp., mostly in South 
Africa), Sedum (350 spp., mostly of temperate and northern boreal regions). 
Kalanchoe (125 spp., incl. Bryophyllum), Echeveria (80 spp.), Aeonium (38 
spp.), and Sempervivum (about 30 spp. of Eurasia). Britton and Rose (1905) con- 
sidered the North American species to represent 25 genera (16 of them relegated 
to synonymy by Berger, and 6 included under Sedum by Froderstrom). Abrams 
1,1944) recognized 9 genera in the Pacific states, but of these most authors combine 
Tillaea and Tillaeastrum under Crassula', and Sedella (properly Parvisedum) 
Gormania, and Rhodiola under Sedum, Most American authors reject Berger’s 
inclusion of Graptopetalum under Sedum, and treat it as a valid genus. By these 
views, the family is represented in this country by the genera Crassula, Diamorpha, 
Dudley a, Echeveria, Graptopetalum, Hasseanthus, Lenophyllum, Parvisedum (Se- 
della), Sedum, and Villadia. 

The family is characterized in general by the gynoecium composed of usually as 
many pistils as there are petals, by a like number of stamens in each whorl, by 
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the presence of a scalelike gland at the base of each pistil, and by the usually 
fleshy or succulent character of stems and foliage. 

Mauritzon (1933) on the basis of embryogeny, considered the Crassuloideae to 
stand apart from a taxon composed of the Cotyledonoideae, Sempervivoideae, 
Sedoideae, and Echeverioideae, and considered the Kalanchoideae to be a third 
taxon that was phyletically somewhat intermediate between the other 2. Baldwin 
(1938) gave cytological evidence in support of earlier views that Bryophylliim was 
not generically distinct from Kalanchoe. On the basis of morphological studies, 
Quimby concluded the family to be a natural grouping, provided that the genus 
Penthorum was excluded.”* 

Members of the family are currently of domestic importance only as orna- 
mentals, and many are grown as novelties by fanciers of succulent plants. They 
represent about 18 genera and 400 species. 
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Penthorum was considered the primitive genus of the Saxifragaceae by Engler (1930), 
by Berger, and by Wettstein. J. K. Small accepted it as a distinct family, Penthoraceae. 




Fig. 159. Saxifragaceae. A, Saxifraga Macnabiana: Aa, plant in flower, X Ab, flower, 
face view, X 1; Ac, same, vertical section, perianth excised, X 2; Ad, ovary, cross-section, 
X 3. B, Ribes sativum’. Ba, inflorescence, X I/ 2 ; Bb, flower, face view, X 3; Be, same, vei- 
tical section, X 3; Bd, ovary, cross-section, X 8; Be, fruit, X V2. Q, Heiichera sanguinea: 
Ca, inflorescence and basal leaf, X Vi; Cb, flower, vertical section, X 2; Cc, ovary, 
cross-section, X 4. D, Philadelphus wodorus: Da, flowering branch, X V2\ Db, flower, 
vertical section, petals excised, X 1; Dc, ovary, cross-section, X 3; Dd, ovary, vertical 
section, X 3. (p petal, s sepal.) (From L. H. Bailey, Manual of cultivated plants, The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Herbs, shrubs, or small trees; leaves alternate or sometimes opposite (Hydrangeo- 
ideae, Bauera), simple or compound, usually deciduous, mostly estipulate; flowers 
usually bisexual and actinomorphic (unisexual in some Ribes, zygomorphic in 
some Saxifraga, neuter in some Hydrangea), basically in cymose inflorescences, 
but sometimes racemose to paniculate (cf, Rendle, pp. 320-321), the perianth 
biseriate, hypanthium sometimes present, the sepals mostly 4-5, often gamosepalous, 
sometimes highly colored and petaloid, the petals usually of same number, borne on 
the receptacle or on an hypanthium, sometimes smaller than calyx or absent; 
stamens usually of same number and alternate with the petals or twice as many 
and the outer ones opposite them (only 3 in Tolmiea), distinct, the anthers usually 
2-celled (I -celled in Leptarrhena), dehiscing longitudinally, staminodes or nectar 
glands often present between the stamens or coalesced in a thalamus; gynoecium 
of a single pistil with axile (2-5-loculed) or parietal (1-loculed) placentation (2 
basal ovules in Eremosyne), or composed of 2-5 separate pistils, often basally 
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connate, the styles and stigmas as many as carpels, the ovary superior to inferior 
(often half inferior), sometimes situated within an hypanthium, the ovules 
anatropous and several to many on each placenta (the latter often intruding); fruit 
a capsule or berry; seed with a small embryo and abundant mostly soft-fleshy 
endosperm, rarely winged (Sullivantia). 

The Saxifragaceae, as delimited above by Englerian concepts, are represented by 
about 80 genera and 1200 species. More genera (30) occur in this country than 
elsewhere, with 6 others restricted to South America and 4 extending from Mexico 
to Chile. Eight genera are in both eastern Asia and in North America, and other 
genera are in Australia and New Zealand (9), South Africa (6), Oceania (5), 
Australasia (3), Europe (1). Of the genera having species indigenous to this 
country, 16 are exclusively western, and only 2 are restricted to eastern areas. The 
larger genera of the family (with total number of species) include: Saxifraga 325, 
Rihes 140, Hydrangea 80, Chrysosplenium 85, Philadelphus 70, Escallonia 50, 
Polyosma 50, Parnassia 45, Deutzia 70, Heuchera 30, and Astilhe 25. 

The family is difficult to separate from related families, especially from the 
Rosaceae. It differs from the latter in the more abundant endosperm, its estipulate 
or rarely stipulate leaves, and (among genera of both families having multipistil- 
late gynoecia) by the constantly few pistils and few stamens. It is allied to the 
Crassulaceae, but the latter differ in the floral parts of a regular numerical plan and 
the pistils subtended by scalelike glands. 

Engler (1930) treated the family as composed of 15 subfamilies. Both Hutchin- 
son and Small treated several of these as families.”"* Rendle accepted the earlier 
Engler view that the Saxifragaceae consisted of 7 rather than 15 subfamilies. 
Hutchinson restricted the Saxifragaceae to the herbaceous members and trans- 
ferred the primarily woody representatives to his Cunoniales. Bessey recognized as 
families the Saxifragaceae, Grossulariaceae, and Hydrangeaceae. He retained the 
3 within his Rosales, but as more advanced than the roseaccous or leguminaceous 
taxa. 

The family is economically important for the many ornamentals belonging to it. 
Notable among them are the saxifrage, mock orange {Philadelphus)^ coral-bells 
{Heuchera), hydrangea, escallonia, deutzia, astilbe, and bergenia. Currants and 
gooseberries {kibes spp.) are bush fruits of minor importance. 
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Hutchinson recognized, as segregates, the Escalloniaceae, Greyiaceae, Grossulariaceae, 
and Hydrangeaceae. Small treated the Saxifragaceae of the southeastern states as com- 
posed of the families Penthoraceae, Parnassiaceae, Saxifragaceae, Iteaceae, and Hydrange- 
aceae. Britton and Rydberg also accepted the Grossulariaceae as a distinct family. 
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PITTOSPORACEAE. PITTOSPORUM FAMILY 



Fig. 160. Pittosporaceae. a, Pittospomm undulatum: Aa, flowering plant, X lA; Ab, 
flower, X 1; Ac, same, vertical section, X 2 (after Schnizlein); Ad, fruiting branch, X Vi. 
B, Sollva Justfornns: flowering branch, X V 2 . (From L. H. Bailey, Manual of cultivated 
plants. The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Trees, shrubs, or woody climbers, sometimes spiny; leaves simple, alternate or 
whorled, often leathery, estipiilate; flowers typically bisexual, actinomorph’c (zygo- 
morphic in Cheiranthera), solitary, cymose, or paniculate, the perianth usually 
campanulate or rotate, the sepals 5, distinct or basally connate, the petals 5, some- 
times basally connate or coherent, imbricate; stamens 5, alternate with petals, dis- 
tinct (monadelphous in Marianthus), hypogynous, the filaments shorter than 
anthers, the anthers lanceolate to linear, 2-celled, dehiscing (mostly introrsely) by 
pores or less frequently by longitudinal splits; pistil 1, the ovary superior, 2-5-loculed 
and carpelled with axile placentation or 1-loculed and 2-carpelled with parietal 
placentation, the ovules anatropous in 2 ranks, style 1 and short, the stigmas usually 
as many as carpels or coalesced and the number obscured; fruit a loculicidal cap- 
sule or berry; seed with abundant firm-fleshy endosperm and a minute linear 
embryo. 

A family of 9 genera and 200 species, distiibuted throughout the warmer regions 
of the Old World and absent from the Americas. Pittosporum, the largest genus 
fl60 spp.), occurs on all continents of that hemisphere but more particularly in 
Oceania and Australasia. 

Members of the family are recognized by their leathery alternate or whorled 
leaves, and by the flower having the combination of short filaments and often 
poricidal anthers, multiovulate placentae, a 2-5-carpelled ovary, and a usually 
simple style. 

The phyletic position of the family seems close to the Saxifragaceae and par- 
ticulaily to the genus Escallonia and its relatives. 
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Economically the family is known domestically for species of Sollya and Pitto- 
sporum which are grown as ornamentals in the warmer parts of the country. 

LITERATURE: 

Priizu. L. Pjttosporaceae In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, 
Bd. 18a; 265 288, 1930. 


CUNONIACEAE. CUNONIA FAMILY 



Fig. 161. CuNONiACFAfc. Ceratopetalum giipumiferum: a, flowering branch, X !A; b, node 
with stipule, X 5; c, flower, habit, X 3; d, same, veitical section, X 4; e, ovary, cross- 
scclion, / 10; f, fruit, X IV 2 . 


Trees or shrubs; leaves pinnately or trifoliolately compound or rarely simple, 
opposite or whorled, margins often glandular serrate, stipules present and sometimes 
large and connate; flowers bisexual or sometimes unisexual (the plants then dioe- 
cious), aclinomorphic, small, solitary capitate or paniculate, the perianth biseriate, 
the sepals 3-6 (mostly 4-5) sometimes basally connate, the petals 3-5, mostly 
smaller than the sepals and often lacking, sometimes basally connate; stamens 
mostly numerous, sometimes few and then opposite the sepals, usually on an 
annular nectiferous glandular disc, the filaments distinct, the anthers short and 
2-celled, dehiscing longitudinally, gynoecium of 1-5 unicarpellate pistils or more 
commonly of a single 2-5-carpclled pistil, the ovary superior, the carpels and 
locules 2-5 and placentation axile (when ovary is compound), the ovules few to 
numerous in 2 rows on recurved intruding carpellary margins on each placenta, 
the styles and stigmas distinct, as many as carpels; fruit a capsule or nut; seed with 
small embryo and abundant endosperm. ^ 

A family of 26 genera and about 240 species {Weinmannia, distributed from 
Mexico and the West Indies to Chile and from the Philippines to New Zealand, 
has 126 spp.). The family is restricted almost exclusively to the southern hemi- 
sphere, and mostly to Oceania and Australasia. Three genera occur in South 
America and 2 in South Africa. None is known to be indigenous to this country.*’*^ 
Members of the family are allied to the Saxifragaceae but differ in the usually 
treelike habit, the leaves always opposite or whorled, and the carpellary margins 
of each placental zone recurved or distinct. 

The family is of little domestic importance. Species of Ackama, Callicoma, 
Ceratopetalum, and Weinmannia are grown for ornament in California. Lightwood 
{Ceratopetalum apetalum) is an important timber tree in New South Wales. 

LITERATURE: 

Engler, A. Cunoniaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, 
Bd. 18a: 229-262, 1930. 

Lyonothamnus of California, and treated by Britton (North Amer. Flora, 22: 180. 
1905) as belonging to this family is here included within the Rosaceae, 
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HAMAMELIDACEAE.”^ WITCH-HAZEL FAMILY 



Fig. 162. Hamamelidaceal. a, Hamamelis virfiiniana: Aa, twig in flower and leaf, X Vi; 
Ab, flower, X 1; Ac, flower, vertical section, X 1; Ad, stamen, face and side view, X 6; 
Ac, fruit, X Vi. B, Liquidamhar Styractflua: twig in fruit, X ‘4. (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty H. Bailey.) 

Deciduous or evergreen trees or shrubs, often with stellate hairs; leaves alternate, 
simple, glandular-toothed to palmately lobed, stipulate; flowers bisexual or uni- 
sexual (the plants then monoecious [Liqttidamhar] or dioecious), actinomorphic 
or less often zygomorphic, axillary, capitate, or spicate, sometimes subtended by 
highly colored bracts, the perianth present or absent, the calyx of mostly 4-5 
basally connate sepals, the tube more or less adnate to the ovary, the corolla (some- 
times absent) of 4-5 distinct petals seemingly borne on the calyx, imbricate or 
valvate; stamens 2-8 in a single whorl; perigynous, distinct, the anthers 2-celled. 
dehiscing longitudinally or by upturning valves, the connective often exserted; 
pistil 1, the ovary half inferior to inferior (rarely superior), 2-loculed, the 2 
carpels diverging and often separating apically, the placentation axilc, the ovules 

1 or more in each locule, pendulous, anatropous, the styles and stigmas 2; fruit a 
loculicidal capsule (infrequently septicidal), often with a woody to leathery exocarp 
and bony endocarp; seed sometimes winged, the large and straight embryo envel- 
oped by a thin fleshy endosperm. 

A family of 23 genera and about 100 species, mostly of Asia (17 genera), with 

2 genera of Africa and 1 of Australia. Hamamelis (6 spp.), Liquidamhar (4 spp.), 
and Fothergilla (4 spp.) have species indigenous to eastern North America, with 
species of the first 2 occurring also in eastern Asia. Corylopsis (22 spp.) of eastern 
Asia is the largest genus and Dicoryphe (14 spp.) of Madagascar is next in size. 
Kleven genera are monotypic. 

The Hamamelidaceae are distinguished by the bicarpellate, bilocular ovary, 
whose diverging apices arc each terminated by a slender recurved-tipped style, and 
by the 1 to many pendulous ovules. The stellate indumentum is characteristic when, 
present, as is the usually woody or bony capsule. 

The families Hamamelidaceae, Platanaccae, and Myrothamnaceac were treated 
by Wettstein and have been generally accepted to compose the order Hamameli- 
dales. Hutchinson (1948) considered this order to terminate a line of evolutionary 
ascjnt and to have been derived from stocks ancestral to the Rosales and derived 
from the Magnoliales. A similar origin was postulated by Tippo (1938), but he 
considered, to the contrary, that the Hamamelidales were not an evolutionary 
terminus, but that they (or their ancestral forms) gave rise to the Casuarinaceae, 
the Fagales, and the Urticales. Current data seem to support these views more 

The name Hamamelidaceae Lindl. (1846) has been conserved over Altingiaceae 
Hayne (1830) and Parrotiaceae Horaninov (1834). For di.scussion of Altingiaceae, see 
Barnhart in Bull. Torrey Bot. Club, 22: 14, 1895. 
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closely than they do those of Engler, Rendle, or Warming, who held that the 
Hamamelidaceae are allied more nearly to the Saxifragaceae and the Cunoniaceae 
of the Rosales. 

Economically the family is important dognestically for the witch-hazel extract 
prepared from Hamamelis bark and used as a liniment, and species of sweet gum 
or storax (LiqniJamhar), winter hazel (Corylopsis)^ Fothergilla, Hamamelis, and 
Loropetaliim are grown for ornament. 
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EUCOMMIACEAE. EUCOMMIA FAMILY 



Fig. 163. Huc'OMMiAthAi . Eucommut ulmoides: a, habit in fruit, X 1 / 2 , b, staminate 
infloiescence, X 1 / 2 ; c, staminate flower, X 1; d, pistillate inflorescence, X Vi\ e, pistillate 
flower. X 1; f, same, vertical section, X 2. (Fiom L. H. Bailey, Manual of culiivated 
plants. The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

A unigcneric family of a single species, a deciduous dioecious clmlike tree, char- 
acterized in part by presence of the rubber latex and lamellate pith; leaves alter- 
nate, simple, petioled, serrate, estipulate; flowers unisexual, actinomorphic, solitary 
in bract axils at twig bases or adventitious, lacking perianth; staminate flowers 
pedicelled, the stamens 4-10, the filaments very short, distinct, the anthers mucro- 
nate, linear, 2-celled, dehkscing longitudinally; pistillate flowers short-pedicelled. 
bracteate, the pistil 1, the ovary unilocular, 2-carpelled (1 aborts), bifid at apex, 
the placcntation basically axile, the ovule 1 in each locule, anatropous, pendulous, 
the styles 2, short and reflexed, inner surface of each style stigmatic; fruit l-seeded, 
a samara; seed with large straight embryo, the endosperm abundant. 

The phyletic position of the family was studied by Tippo (1940), who held that 
“. . . the Eucommiaceae do not belong in the Hamamelidales near the Hamameli- 
daceae, but that they are closer to the Ulmaceae, in the Urticales.” This view was 
held also by Wettstein (1935). Conclusions identical to these were reached inde- 
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pendently by Varossieau (1942) without benefit of knowledge of Tippo’s earlier 
findings. Harms (1930) placed the family in the Rosales near the Hamamelidaceae 
but conceded its true relationship could be within the Urticales, an order now 
believed generally to be a highly advanced derivative of the Hamamelidaceae or of 
stocks ancestral to them. 

Only the 1 species, Euconimia ulmoides, of China is known. It is cultivated in 
temperate regions as an ornamental. 
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PLATANACEAE. PLANE-TREE FAMILY 



Fig. 164. Plai'anaceae. Platanus occidentahs: a, twig with fruit, X 14; b, subpetiolar bud; 
c, pistillate inflorescence, X 2; d, pistillate flower, X 4; e, fruit, X 14; f, staminate flower, 
X 4. (From L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. 
Copyright 1924 and 1949 by Liberty H. Bailey.) 

A unigeneric family of monoecious trees; bark of branches exfoliating, forming 
furrows on old trunks, stellate hairs common on vegetative parts; leaves alternate, 
simple, palmately 3~9-lobed, petiole dilated basally and enclosing the axillary bud. 
the stipules membranous, caducous, and encircling the twig; flowers unisexual, in 
1-several dense globose heads that are distributed along a pendulous peduncle; 
staminate flowers several to many in the male head, each composed of a calyx 
cup, 3-7 tridentate and minute petals alternating with the whorl of 3-7 stamens, 
occasional rudimentary pistils present in a few flowers of the head, the stamens 
distinct, the filaments very short or obsolete, the anthers long, 2-celled, dehiscing 
longitudinally, with large apically peltate connective, small staminodes often presj- 
ent; pistillate flowers often not markedly differentiated, hypogynous, the perianth 
present, the calyx cupular and 3-5 lobed or of 3-5 distinct sepals, the petals usually 
absent (present in P. racemosa), staminodes present, usually in a whorl of 3-4 
au)und the outer pistils, the pistils mostly 5-9, the ovary superior, uniloculate, 
1-carpelled, incompletely closed at apex, the placentation parietal, the ovules 1-2, 
pendulous, orthotropous, the style 1 and linear, usually recurved, the stigma extend- 
ing most of the inner face of the style length; fruit a 1 -seeded linear quadrangular 
achene or rarely follicular; seed with the embryo straight and the endosperm a 
thin fleshy layer. 

®®The findings and opinions of Boothroyd (1930) were drawn on freely in the prepa- 
ration of the following description of floral parts and organization. 
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The single genus (Plaianus) is composed of perhaps 8 species,®^ indigenous to 
many regions of the northern hemisphere, exclusive of Africa. Four species occur 
in North America: 2 in the southwest, a third in the east, and the fourth restricted 
to Mexico. 

The family is distinguished by the subpetiolar axillary buds and exfoliating bark, 
and by the monoecious character associated with unisexual flowers aggregated in 
globose heads on pendulous peduncles. 

Opinions differ as to the nature of the much-reduced inflorescence and flowers in 
members of the family. Boothroyd concluded the inflorescence of P. racenwsa (a 
raceme of globose heads) to be primitive among present-day species, and postulated 
it to have been derived by reduction from ancestral stocks having open panicles. 
Brouwer (1924) concluded the monocephalic inflorescence (as in P. occidentalis) 
to be primitive, and the racemose type to have been derived from it by the subdivi- 
sion of 1 head into several, a view contradicted by Boothroyd’s anatomical evi- 
dence. Some authors (including Hutchinson) accept the view of Brouwer that the 
Platanus flower consists only of a pair of organs, in the one a pistil and a scale, 
or in the other a stamen and its scale. Macroscopic examination of the components 
of a head do not support this latter view. 

The phyletic position of the Platanaceae, on the basis of apparent similarities 
of inflorescence, simplicity of pistil, and variability in number of floral parts, long 
was considered to be within the Urticales. It is the present consensus (Boothroyd, 
Schonland, Wettstein, Tippo, et al.) that the Platanaceae are of closer affinity to 
the Rosaceae and Hamamelidaceae than to other taxa. 

Most species of the genus are cultivated domestically (or ornament and are 
known as sycamore, plane tree, and button-ball tree. 

LITERATURE: 

Boothroyd, L. E. The morphology and anatomy of the inflorescence and flower of the 

Platanaceae. Amer. Journ. Bot. 17: 678 693, 1930. 

Bretzler, E. Studien liber die Gattung Platanus L. Verb. Leop-Carol. Akad. Naturf. 

77: 115-226, 1899. 

Brouwfr, J. Studies in Platanaceae. Rec. Trav. Bot. Neerlandais 21: 369 382, 1924. 

Gli ASON, H. A. Platanaceae. North Amer. Flora, 22: 227 229, 1908. 

Grigos, R. F. Characters and relationships of Platanaceae. Bull. Torrey Bot. Club, 36: 

369 395, 1909. 

Tippo, O. Comparative anatomy of the Moraceae and their presumed allies. Bot. Gaz. 

100: 1 99, 1938. 

CROSSOSOMATACEAE. CROSSOSOMA FAMILY 

Shrubs or small trees, bark rough; leaves alternate, often clustered on short 
shoots, simple, leathery, entire; flowers bisexual, actinomorphic, solitary, terminal 
on short shoots, showy, the perianth biseriate, the sepals 5, persistent, basally con- 
nate, the petals 5, white or purplish, deciduous, imbricate, orbicular to oblong; 
stamens usually 15-50 in 3-4 whorls, distinct, arising from a disc lining the 
hypanthium, the anthers oval to oblong, 2-celled, dehiscing longitudinally; gynoe- 
cium of 3-5 distinct stipitate pistils, each pistil with an elongate unilocular uni- 
carpellate ovary, the ovules several to many, 2-ranked on a single parietal placenta, 
the styles and stigmas 2 or styles obsolete; fruit a follicle; seed globose to reni- 
form, enclosed by a fimbriate aril, ♦he embryo arcuate, the endosperm scant. 

A single American genus {Crosso*>oma) of 4 species, 2 in California and 2 in 
Arizona. 

Bretzler (1924) recognized a single oolymorphic species, a view now considered the 
extreme in conservatism 
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The plants are distinguished by the bisexual flowers of 3-5 pistils and an androe- 
cium of many stamens, all borne on the rim or sides of a short hypanthium, and 
by the glossy seeds enveloped by a multiflngered aril. 



Fig. 165. Crossosomataceae. Crossosoma Bigelowii: a, flowering branch, X Vi; b, flower, 
X 1; c, same, vertical section, X 2; d, pistil, X 3; e, ovary, cross-section, X 6; f, follicle, 
X 2; g, seed with fimbriate aril, X 5. 


Most botanists have accepted the view that the Crossosomataceae belong in the 
Rosales near the Rosaceae or Pittosporaceae. Hutchinson (1926) placed them in 
the Dilleniales (an order considered by him as intermediate between the Mag- 
noliales and Rosales). Lemesle (1948) proposed their transfer to a position inter- 
mediate between the Paeoniaceae and the Ranunculaceae, a view given indirect sup- 
port by Corner’s opinion that the Paeoniaceae (on the basis of their centrifugal 
stamens) should be considered closely allied with the Dilleniaceae. 

The family is of no known economic importance. 

LITERATURE: 

Lemesle, R. Position phylogenetique de VHydrasth canadensis L. et du Crossosoma 
californica Nutt., d’apres les particularites histologiques du xyRme. Paris Acad, des 
Sci. compt. rend. 227: 221-223, 1948. 

Smali, J. K. Crossosomataceae. North Amer. Flora, 22: 231-232, 1908. 


ROSACEAE. ROSE FAMILY 

Trees, shrubs, or herbs, often thorny, sometimes climbing; leaves alternate (rarely 
opposite), simple or pinnately compound, the stipules usually present, sometimes 
caducous or adnate to petiole; flowers usually bisexual or infrequently unisexual 
(the plants then dioecious, as in Aruncus), actinomorphic (zygomorphic in Hir- 
tella) in various types of determinate or indeterminate inflorescences, the perianth 
biseriate or one or both series absent, generally perigynous, basal portions usually 
adnate into an hypanthium, the calyx typically of 5 basally connate sepals, the 
petals usually present and arising from hypanthium rim (absent in Alchemilla, 
Sanguisorha, Acaena, et al.), imbricate (convolute in Gillenia), the hypanthium 
often bearing a nectiferous glandular disc; stamens commonly numerous (some- 
times definite and then usually 5 or 10) and in 1 -several whorls of 5 stamens each, 
perigynous around the gynoecium, arising from the hypanthium, distinct (monadel- 
phous in Chrysohalaniis), the anthers small, 2-celled, dehiscing longitudinally 
(rarely transversely or by pores); gynoecium of usually 1 compound pistil or of 
many simple pistils cyclically or spirally disposed, situated usually within an hypan- 
thium or the hypanthium adnate to a compound ovary, the ovary superior or 
inferior, when compound composed of 2-5 locules and carpels with placentation 
axile (ovules few to several in each locule) and terminated by as many styles (or 
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style branches) or stigmas as carpels; fruit an achene, follicle, pome, drupe, or 
aggregation of drupelets; seed with small embryo and usually without endosperm. 

A large family of perhaps 115 genera and 3200 species, distributed over most of 
the earth and abundant in eastern Asia, North America, and Europe. About 50 
genera have species indigenous to this country; 38 genera occur in the Pacific states, 
and one-half are restricted to that area or extend only southeasterly into Mexico, 

3 genera are restricted to the southeastern states, and about 30 genera occur in the 
northeastern section of the country. The largest genera of the family (together 
with approximations of total and indigenous species) include: Potcntilla (300-50), 
Ruhus (600-1000, with perhaps 200-400 indigenous), Rosa (150-50), Crataegus 
(300-1000 with perhaps 75-200 indigenous), Prunus (150-175 with 25-30 indige- 
nous), and Spiraea (75-12). 

The family often is subdivided into several subfamilies or tribes. The evidence 
seems to favor their recognition as subfamilies. The 6 subfamilies are distinguished 
by characters used in the following key: 

1. Fruit a follicle or capsule (an achene in Holodiscus) Spiraeoideae 

1. Fruit indehiscent, dry or fleshy. 

2. Ovary inferior, of 2 5 carpels Pomoideae 

2. Ovary superior. 

3. Gynoecium of a single pistil (rarely 2 5), the fruit a drupe or a beiry. 

4. Style terminal or essentially so, ovule (s) pendulous, floweis 

actinomorphic Ptunoideae 

4. Style basal, ovules erect, flowers zygomorphic or somewhat 

so Chrysobalanoideae 

3. Gynoecium of mostly 10 or more pistils (if few or one, the fruit dry 
and indehiscent). 

5. Pistils basally connate and basally adnate to hypanthium . . ,Neutadoideae 
5. Pistils distinct and free from hypanthium walls (usually unicaipellate 

in Cercocaipae) Rosoideac 

Most of these subfamilies have been treated as independent families by various 
authors,'®*’ a view rejected by most phylogenists. The Rosaceae family as a unit is 
a more natural assemblage than are some other large families (e.g., Saxifragaceae, 
Leguminosae). Its members are characterized by the usual presence of stipules, the 
general pentamerous plan of the flower (exclusive of the gynoecium), the presence 
of an hypanthium in most genera (adnate to the ovary when the latter is inferior), 
and the near absence of endospeim. 

The family is of considerable economic importance in temperate regions. This is 
especially true of its fruit-producing members from which arc obtained the apple 

i^^The Spiraeoideae as the Spiraeaceae, the Pomoideae as the Pomaceae or Malaceae, 
the Rosoideae as the Poteriaceac, the Prunoidcae as the Amygdalaceae, and Chrysobala- ' 
noideae as the Chrysobalanaceae, 


Fig. 166. Rosaceae. A, Spiraea Vanhouttei: Aa, flowering branch, X Vi; Ab, flower, face 
vievr, X 1; Ac, flower, vertical section, X 2; Ad, pistil, vertical section, X 6; Ac, follicles, 
X 2. B, Geum hiilgariciim: Ba, flower, X V 2 \ Bb, same, vertical section, X 1; Be, achene, 
X 2. C, Fragaria chiloensis: Ca, fruit and basal leaf, X Vi; Cb, fruit, vertical section, 
X Vi; Cc, nutlet with persistent style, X 5. D, Ruhus roribaccus: Da, flower, X nearly 1; 
Db, same, vertical section, X 1; Dc, fruit, vertical section, X 1. E, Rubus occidentalism. 
Ea, flower, X 1; Eb, flower, vertical section, X 1; Ec, fruit separated from torus, X 1. 
F, Mains sylvestris: Fa, flower, vertical section, corolla excised, X 1; Fb, fruit, vertical 
section, X Vs. G, Rosa canina: Ga, flowering branch, X Vi; Gb, flower, vertical section, 
X 1; Gc, hip, X Vi. H, Chaenomeles lagenaria: Ha, flowering branch, X Vi; Hb, flower, 
vertical section, X 1; He, ovary, cross-section, X 4. (From L. H. Bailey, Manual of 
cultivated plants. The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 
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(Mains), pear (Pyrus),^^^ quince (Cydonia), cherry, plum, prune, peach, nec- 
tarine, apricot, almond, sloeberry (spp. of Primus), loquat (Eriohotrya), black- 
berry, raspberry, loganberry (spp. of Ruhus), stawberry (Fragaria), and medlar 
(Mespilus). Many ornamental trees and shrubs occur within the family, notably 
the spiraea (Spiraea), ninebark (Physocarpus) , pearlbush {Exochorda), coto- 
neaster (Cotoneaster), firethorn (Pyracantha), hawthorn (Crataegus), photinea 
(Photinia), flowering quince (Chaenomeles), mountain ash (Sorhus), snow wreath 
(Neviusia), kerria (Kerria), jetbead (Rhodotypos), Japanese cherry (Primus), 
rose {Rosa), and shrubby cinquefoils (Pole nt ilia) . 

LIIERATVRE: 

Bailcy, L. H. a monograph of the genus Rubits in North America. Gentes Herb. 5: 

1 932, 1941-45. 

.Species Batomm — Addenum I. Studies in Ruhus. Gentes Herb. 7: 193-349, 1947, 

Ade’enum II, op. cit. 481-526, 1949. 

.The Pyrus^Malus puzzle. Gentes Herb. 8: 40 43, 1949. 

Camp, W. H. The Crataegus problem. Castanea, 7: 51 55, 1942. 

EiNShi, John. Chromosome studies in Ruhus. Gentes Herb. 7: 181-192, 1947. 

Erlanson, E. Q. Cytological conditions and evidences for hybridity in North American, 
wild roses. Bot. Gaz. 87: 443 506, 1929. 

.American wild roses. Amer. Rose Annual, 83 90, 1932. 

. Experimental data for a revision of the North American wild roses. Bot. Gaz. 

96: 197 259, 1934. 

Eirnaid, M. L. Minor transfers in Pyrus. Rhodoia, 49: 229-233, 1947. [Summarizes 
reasons for uniting Malus, Sorhus, and Atoma with Pyrus. 1 • 

Gustapsson, Ake. The genesis of the European blackberry flora. Lunds Univ. Arssk. 

N. F. Avd. 11. 39 (6): 1 199, 1943. 

Herring, P. Classification of roses. Dansk. Bot. Ark. 4 (9): 1-24, 1925. 

JoNis, G. N. A synopsis of the North American species of Sofhus Journ. Arnold Arb. 
20:1 43, 1939. 

. American species of Amelauchier. Illinois Biol. Monogr. 20* 1-126, 1946. 

McVaugh, R. The status of certain anomalous native crabapples in eastern United States. 

Bull. Torrey Bot. Club, 70: 418 429, 1943. 

Ma.son, S. North American species of Primus. Bull. U. S. Dept. Agr. 179: 1 75, 1915. 
Meyer, K. Kulturgeschichte und systematische Beitrage zur Gattjng Pnmus. Fedde, Rep 
Spec. Nov. Beih. 22: 1-64, 1923. 

NnisiN, E. L. A taxonomic study of the genus Amelauchier in Minnesota. Amei. 
Midi. Nat. 22: 160 206, 1939. 

Pai MER, E. J. Synopsis of North American C rategi Journ. Arnold Arb. 6: 5 128, 1925. 

. Crataegus in the northeastern and cential United States and adjacent Canada. 

Bnttonia, 5: 471 490, 1946. 

Rickeit, H. W. The inflorescence of Crataegus, Bull. Torrey Bot. Club, 70: 489 495, 
1943. 

Rubtsov, G. A. Geographical distribution of the genus Pyrus and trends in its evolution. 
Amer. Nat. 78: 358-366, 1944. 

Rydbi RG, P. A. Rosaceae. North Amer. Flora, 22: 239- 533, 1908. 

.Notes on Rosaceae: I, Opula.ster, Spiraea, Petrophytum, Luetkea, Arimcus. Bull. 

Torrey Bot. Club, 35: 535-542, 1908; 11, Schizoiiotus, Chamaehatiaria, Sericotheca, 
Ilorkelia, Horkeliella, Ivesia, Comatella, and Stellariopsis. Op cit. 36: 397-407, 
1909; Ill-V, Poteritilla. Op. cit. 37; 375-386, 487-502, 1910; 38: 79-89, 1911; Argen- 
tina, Coniaium, Duchesnea, Fragana, Sihhaldia, Sihhaldiopsis, Dasiphora, Drymo- 
callis. Op. cit. 38: 351 367, 1911; VII, Alcliernilla, Aphanes, Sanguisorha, Poteridiiirn, 
Poteiiuni, Acaeria, Agrimonia, Adenostoma, Coleogyue. Op. cit. 41: 319 332, 1914; 
VIII, Dtyas, Geiun, Sieversia, Cowania, Fallugia, Kuntzia vs Purshia, Chamaehatia, 

Generic limits cannot be drawn sharply between many of the apparent genera of 
the family, and by some authors the genera Malus, Pyrus, Sorhus, and Aronia are con- 
sidered to comprise a single genus, Pyrus. For opinions in support of one or the other 
of these views cf. references to papers by Bailey (1949) and Fernald (1947). 
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Cercocaipus. Op. at. 41: 483 503, 1914; IX, Ruhacer, Ruhus. Op. cit. 42; 117 -160, 
1915; X, Ruhus hybrids. Op. cit. 42: 463-479, 1915; XI, Roses of California and 
Nevada. Op. at. 44: 65-84, 1917. 

Sax, K. The origin ot the Pomoideae. Proc. Amer. Soc. Hort. Sci. 30: 147 150, 1934. 
WiEGAND, K. M. The genus Amelanchier in eastern North America. Rhodora, 14: 117- 
161, 1912. 

Wolf, T. Monographie der Gattung PoteutiUa. Bibliot. Bot. 16 (71): 1^714, 1908. 


LEGUMINOSAE/‘^2 PEA FAMILY 

Herbs, shrubs, or trees; leaves mostly alternate, compound (mostly pinnately so, 
but sometimes palmately compound) or simple by suppression of leaflets, stipu- 
late or infrequently estipulate; flowers bisexual, commonly zygomorphic (actino- 
morphic in the Mimosoideae), perianth biseriate, the calyx gamosepalous and 
5-lobed, the corolla typically of 5-petals (rarely absent or reduced to a single petal), 
distinct or the 2 anterior ones basally connate (for descriptive details, see under 
respective subfamilies), a hypanthium sometimes produced (as in Arachis); stamens 
mostly 10 (sometimes numerous in Mimosoideae), distinct, monadelphous, or 
diadelphous, the anthers 2-celled, dehiscing by longitudinal slits or infrequently by 
pores, sometimes with an apical deciduous gland; pistil 1, the ovary superior, 

1- loculed, 1-carpelled, the placentation parietal along ventral suture, the- ovules 

2- many in 2 alternating rows on a single placenta, amphitropous, anatropous or 
infrequently campylotropous, pendulous or ascending, the style and stigma 1; fruit 
usually a legume or loment, sometimes follicular, or indehiscent or tardily so, the 
basal portion sometimes sterile and stalklikc and termed the peg {Arachi.s); seed 
with a usually leathery testa, funiculus sometimes produced into a more or less 
fleshy aril or callosity, the endosperm none or very scant and hard and glassy. 

The Leguminosae, as here defined, generally are considered to be one of the 3 
largest families of angiosperms,*‘*‘‘ represented by about 550 genera and perhaps 
13,000 species. The family is cosmopolitan in distribution, and is represented in 
this country by about 115 genera, of which nearly 35 are naturalized from Old 
World or tropical American sources. Approximately 44 genera are indigenous over 
a large part of the country; about 20 of these are restricted to the southeast, per- 
haps a dozen to the south-central region, 8-10 to the Pacific coast region, but none 
to the northeast. 

The family as, circumscribed above is divided into 3 subfamilies, distinguished as 
follows: 

' 

]. Floweis actinomorphic, calyx and corolla valvate in bud Mimosoideae 

1. Mowers zygomorphic, perianth segments predominately imbricate in bud. 

2. Corolla caesalpinaceous, aestivation imbiicate-ascendmg, the posterioi p?lal 

inneimost, the petals typically 5 and distinct C aesalpinioideae 

2. Coiolla papilionaceous, aestivation imbricate-dcscending, the posterior petal 
outeimost, the two anterior petals (forming the keel) often basally con- 
nate Lotoideae 

These 3 subfamilies are treated as distinct families by many botanists (the 
Mimosaceae, the Caesalpiniaceae, and the Papilionaceae respectively). Authors 
who accept them as separate families treat the trio as a single order. The relative 

''’-The name Leguminosae has been conseived for the family {sensu latioie). Accord- 
ing to the Rules (ed. 3) “those who regard the Papilionaceae as constituting an inde- 
pendent family may use that name, although it is not formed in the prescribed manner.’’ 

The Compositae are the largest family, the Orchidaceae and Leguminosae com- 
pete for second place. 
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positions of the taxa remain essentially unchanged in either case and while char- 
acters that distinguish one subfamily from the other appear to be more apparent 
than the characters that bond them together (those of the gynoecium), many 
botanists, perhaps with undue conservatism and adherence to tradition, have held 
the Leguminosae to comprise a single family rather than 3 or 4 families. Senn 
( 1943) pointed out that comparative studies of wood anatomy produced “no sharp 
lines separating the three subfamilies” and that adequate cytological data were 
lacking for the support or denial of the elevation of each of these to the rank of 
family. Martin (1946) found seeds of Lotoideae to be distinct morphologically 
from those of other taxa of the family. The Mimosoideae are accepted to be the 
most primitive of the 3 taxa, and the Lotoideae the most advanced. 

The Mimosoideae are composed of about 40 genera divided among 5 tribes and 
are almost exclusively tropical or subtropical in distribution. Indigenous genera 
(together with approximate number of total and indigenous species) include: 
Calliancira (150-5), Acacia (350-10), Prosopis (10-3), Pithecellobium (100-2), 
Mimosa (350-2), and Schrankia (10-5). 

The Caesalpinioideae are represented by about 135 genera distributed among 9 
tribes and, like the Mimosoideae, the majority of the genera are of paleotropical 
distribution. By conservative views, the indigenous species represent less than a 
dozen genera, among which arc Cassia (450-30). Cercis (7-2), Gleditsia (6-2), 
Gvmnoclaciiis (1), Cercidiuni (10-2), Hoff manse gf^ia (20-4), and Caesalpinia 
(35-1). 

The Lotoideae with about 375 genera is the largest subfamily and to it 
belong the majority of legumes of temperate regions of both the northern and 
southern hemispheres. The subfamily is considered composed of 10 tribes. It is 
characterized by the usually gamoscpalous calyx and the papilionaceous corolla. 
The latter is a corolla of 5 unequal petals, the posterior petal is outermost and is 
designated the standard (vexillum), the lateral pair of similar petals is distinct, each 
usually long-clawed, and together they comprise the wings (alae); the 2 innermost 
petals arc closely appressed, usually coherent or connate along their adjoining 
margins, and generally envelop the stamens and pistil; they comprise the keel 
(carina) of the corolla. The stamens, enclosed within the keel, are usually 5 or 10, 
commonly either monadelphous or diadelphous, and are distinct in only a few 
genera. Among the more widespread indigenous genera are Astragalus (1500-250), 
Lupinus (225-120), Trifolium (275-65), Crotalaria (250-15), Hosackia (50-45), 

In addition to recognizing as distinct the 3 families mentioned above, some autho.-s 
consider the unigeneric and wholly American tribe Kramerieae of the Caesalpinioideae 
to be a fourth taxon deserving family status (Krameriaceae). This view, accepted by 
the “Britton school,” was rejected by Hallier and by Hutchinson, who excluded Krameria 
from the legumes and placed it as derived from or within the Polygalaceae. 

In much of the literature this taxon, when treated as a subfamily, has been desig- 
nated the Papilionatae or the Papilionoideae. For explanation of the validity of the 
name Lotoideae, see Rehder (1945). 


Fig. 167. Leguminosae. A, Lathynis latifolius: Aa, flowering branch, X I/2; Ab, perianth 
expanded, X Vi; Ac, flower, less perianth, X 1; Ad, ovary, cross-section, X 8; Ae, fruit, 
X 1 / 2 . B, Trifoluun pratense: Ba, flowering branch, X Vi; Bb, flower, X 3. C, Amorpha 
fruticosa: Ca, flowering branch, X 14; Cb, flower, X4; Cc, fruit with calyx, X 2. D, 
Liipimis polyphylliis: Da, flowering branch, X 14; Db, flower, X 1. E, Acacia dectirrens: 
Ea, flowering branch, X 1; Eb, inflorescence, X 4; Ec, flower, X 5; Ed, fruit, X Vi. F, 
Lotus cormculatus: inflorescence, X 1. G, Baptism australis: Ga, flowering branch, X 14; 
Gb, flower, less perianth, X 1; Gc, fruit, X Vi. H, Bauhinia variegata: Ha, flowering 
branches, X 14; Hb, fruit vdehisced), X 14. (k keel, s standard, w wing.) (From L. H. 
Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 
1949 by Liberty H. Bailey.) 
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Desmodiitm (175-35), Tephrosia (160-35), Dalea (150-50), Lespedeza (60-25)^ 
and Baptism (20). 

Economically the Leguminosae are one of the most important families of flower- 
ing plants. They provide many articles of food, fodder, dyes, gums, resins, oils,^'’'* 
and in addition to this, members of over 140 genera are grown domestically for 
ornament. Outstanding among this vast assemblage of food products are the garden 
peas (Pisum), lentils {Lens), peanut (Arachis), yam bean {Pachyrhizus), beans 
{Phaseoltis), cowpeas {Vifzna), velvet beans iStizolohiiim), and soybean {Glycine); 
fodder and forage plants include clover {Trifoliiim), alfalfa {Medicago), soybean 
{Glycine), lupine {Lupinus), vetch {Vicia), bird’s-foot trefoil {Lotus), and sweet 
clover {Meliloius); outstanding ornamentals include wisteria {Wisteria), sweet pea, 
{Latkyrus), lupine {Lupinus), redbud {Cercis), orchid tree {Bauhinia), royal 
poinciana {Dclonix), wattles {Acacia), broom {Cytisus, Genista), senna {Cassia), 
and albizia {A Ihizia ) . 

LITERATURE: 
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106 por detailed accountings of these products, see those by Bois, Hill, Holland, and 
Robbins as cited in Chap. XIV. 
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Order 26. GERANIALES 

The Geraniales are characterized by die stamens typically twice as many as 
sepals in 2 whorls or the outer whorl missing, and the ovules pendulous with a ven- 
tral raphe and the micropyle pointing upwards or erect with a dorsal raphe and the 
micropyle pointing downwards. In addition, the ovary is syncarpous, the styles 
often persistent in fruit, and the seeds generally lack endosperm. 

The order was treated by Engler and Diels to be composed of the following 6 
suborders and 21 families:’^* 

Geraniineae 
Oxalidaceae 
Geraniaceae 
Tropaeolaceae 
Linaceae 
Eiythroxylaceae 
Zygophyllaceae 
*Cneoiaceae 
Rutaccae 
Simaroubaceae 
Burseraceae 
Meliaceae 
*Akariaceae 


Malpighiineae 

Malpighiaceae 

♦Tngoniuceae 

*Vochysiaccae 

Polygalineae 

Tremandraceae 

Polygalaceae 

Dichapetalineae 

’"Dichapetalaceae 

Tricocceae 

Euphorbiaceae 

*Daphniphyllaceae 

Callitrichincae 

Callitnchaceae 


Bessey was the only other phylogenist to include all of the above families within 
the order. Wettstein, Rendle, and Hallier considered them to comprise 3 orders, 
Hutchinson distributed the families of the Geraniineae among 4 orders (Geraniales, 
Rutales, Meliales, and Malpighiales), and the other families among 5 other orders 


Order 25, the Pandales, is composed of a single west African species, the dioecious 
Panda oleosa. 

Families whose names are preceded by an asterisk are not accounted for in the 
tn*.atment that follows. 
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as discussed below. The accumulation of evidence from all fields of botany indi- 
cates that the Geraniales (sensu Engler) are not a natural taxon and that they may 
yet be accepted as comprising 4 or 5 more or less disjunctive orders. 


OXALIDACEAE. OXALIS FAMILY 



Fig. 168. OxALiDACEAE. Oxolis Bowieii a, flowering plant, X b, stems showing subter- 
ranean bulbs, X Va; c, flower and bud, X Vi; d, ovary, cross-section, X tO; e, flowei, 
vertical section, X 2; f, flower, perianth removed, X 2. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. 
Bailey.) 

Herbs (sometimes suffrutcscent) or shrubs, rarely arborescent (as in Averrhoa), 
often producing fleshy rhizomes or bulblike tubers; leaves alternate, pinnately or 
palmately compound or simple by suppression of leaflets, petioled, the leaflets 
folded back in bud and at night, estipulate; flowers bisexual (cleistogamous flowers 
sometimes produced), actinomorphic, solitary umbellate cymose or racemose, the 
perianth biseriate (apetalous when cleistogamous), the calyx of 5 lobes or seg- 
ments, imbricate, the corolla of 5 petals, distinct or sometimes basally connate, con- 
torted in bud; stamens 10 (5 sometimes reduced to staminodes), basally connate, 
hypogynous, in 2 series with those of outer series opposite the petals, the anthers 
2-celled, introrse, dehiscing longitudinally; pistil 1, the ovary superior, 5-loculed, 
5-carpelIed, the placentation axile, the ovules 1 or more in each locule, anatropous, 
the styles 5 and distinct, persistent, the stigmas terminal on each style and usually 
capitate, sometimes shortly divided; fruit a loculicidal capsule, or rarely a berry; 
seed sometimes arillate (the aril separating from testa elastically and expelling 
seeds explosively from capsule), the embryo straight, enveloped by soft-fleshy 
endosperm. 

A family of 7 genera and about 1000 species, mostly pantropical, with numbers 
decreasing as ranges extend north and south into temperate zones. Oxalis (about 
850 species) is represented domestically by about 25 species,^®** and representatives 
of the genus occur over much of the country. 

Members of the Oxalidaceae are distinguished from those of related families by 
the shortly monadelphous stamens, the 5 distinct styles, the single quinquilocular 
pistil, the usually palmately compound leaves, and the characteristic fruit dehiscence 
of those members having arillate seeds. 

Most authors (including Hallier, Bessey, Wettstein, Hutchinson, and Rendle) 
agree that the family belongs in the Geraniales, and treat it as having affinities with 
the Geraniaceae (with which they were united by Bentham and Hooker). 

Economically, members of the family are of little importance. Two species of 
the Asiatic genus Averrhoa are large trees cultivated for ornament in warm parts of 

^00 By j_ K. Small, the southeastern members of the genus were treated as represent- 
ing 4 genera: Oxalis, Bolhoxalis, lonoxalis, and Xanthoxalis 
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the country and the gooseberry! ike fruits of the cultivated Carambola (A. Caram- 
bold) are edible. Over 30 species of Oxalis are offered in the trade as ornamentals. 

LITERATURE: 

Hanks, L, T. and Small, J. K. Oxalidaceae. North Amer. Flora, 25: 25-58, 1907. 

Kunih. R. Oxalidaceae. In Engler, Das Pflanzenreich, 95: (IV. 130) 1-481, 1930. 

. Oxalidaceae. In Engler and Prantl, Die natiirlichen Pflanzenfamilien, ed. 2, Bd. 

19a: 11-42, 457, 1931. 


GERANIACEAE. GERANIUM FAMILY 



Fig. 169. Geraniaceae. A, Pelargonium zonale: Aa, inflorescence and leaf-blade, X 14; 
Ab, flower, perianth in vertical section, X 1; Ac, ovary, cross-section, X 5. B, Frodium 
chaniaedryoides: Ba, plant in flower, X Vi; Bb. flower, less perianth, X 3. C, Geranium 
pratense: Ca, inflorescence, X Vi; Cb, flower, face view, X Vi; Cc, flower, perianth in 
vertical section, X 1. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Mostly herbaceous plants, sometimes suffrutescent or shiubby, the stems often 
fleshy; leaves alternate or opposite, compound or if simple then lobed or divided, 
rarely glabrous, the venation mostly palmate, stipules present; flowers bisexual, 
actinomorphic or zygomorphic {Pelargonium and sometimes Erodium), the inflores- 
cence cymose or umbellate (rarely reduced to a 1 -flowered peduncle), bracteate, 
determinate, the perianth biseriate, the calyx of 5 usually distinct and imbricated 
sepals (4 in Vivania, 8 in Dirachma), the corolla of 5 distinct petals (rarely 8, 4, 
2, or none), nectiferous glands usually alternating with the petals; the stamens 
typically 5-15, in 1-3 whorls of 5 each with androecia of 1 or 2 whorls sometimes 
with stamens reduced to antherless or scalelike staminodes, sometimes basally 
connate (rarely connate in 5 bundles of 3 each as in Monsonia), the anthers 
2-celled, dehiscing longitudinally; pistil 1 and 3-5-lobed, the ovary superior, the 
locules and carpels typically 3-5 (8 in Dirachnui), the placentation axile, the 
ovules usually 1-2 in each locule (many in Balhisia), pendulous, anatropous, the 
styles 3-5, slender (beaklike), stigmas of same number and ligulate (rarely capi- 
tate); fruit capsular, dehiscing septicidally (loculicidal in Vivania) into as many 
1-2- or many-seeded usually dehiscent “mericarps” as carpels, the styles usually 
adhering to the ovarian beak and the basal portion recurving elastically and some- 
times spirally (Erodium); seed with plicate cotyledons incumbent, the embryo 
mostly curved, endosperm usually none (present in Biebersteinia). 

A family of 11 genera and about 850 species widely distributed over temperate 
and subtropical regions of the northern and southern hemispheres. The genera 
Geranium (375-21) and Erodium (75-3) are represented domestically by widely 
distributed indigens. Other genera include Pelargonium (250 spp.), Monsonia, and 
Sarcocaulon of the Old World, and Vivania (28 spp.), and Balbisia (6 spp.) of 
South America. 
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The family is characterized by the typically 5-merous flowers that produce a 
beaked or lobed fruit distinctive by its usually elastic dehiscence, the separation of 
the “mericarps,” and the usual absence of endosperm. 

Economically the family is important primarily for the florist’s geranium {Pelar- 
gonium zonale) and for other species and hybrids of the genus grown for aromatic 
foliage with its aromatic oils' and for flowers. A few species of crane’s-bill 
(Geranium) and stork’s-bill (Erodium) are cultivated as garden ornamentals. 

LITERATURE: 
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TROPAEOLACEAE. NASTURTIUM FAMILY 




Fig. 170. Tropaeolaceaf. Tropaeolum mains: a, flowering branch, X b, flower, 
X Vi; c, flower, vertical section, X Vi; d, pistil, X 2; e, ovary, cross-section, X 5. (From 
L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 
1924 and 1949 by Liberty H. Bailey.) 

Somewhat succulent herbs with watery acrid sap, mostly prostrate, twining, or 
clambering; leaves alternate, simple (infrequently pinnately compound), peltate, 
sometimes lobed or dissected, estipulate; flowers bisexual, zygomorphic and 
spurred, solitary and axillary (rarely in umbels), the perianth biseriate, the calyx 
bilabiate, of 5 distinct sepals, the dorsal one produced into a spur, the corolla 
of 5 distinct (usually clawed) petals, imbricated, the upper 2 petals differing in 
shape from the lower 3 (usually smaller and situated in the opening of the spur); 
stamens 8 in 2 whorls, distinct, somewhat perigynous, unequal, declinate, the 
anthers 2-celled, dehiscing longitudinally; pistil 1, the 3-Iobed ovary superior, 
3-loculed, 3-carpelled, the placentation axile, each locule with a single pendulous 
anatropous ovule, the style 1 and apical, the stigmas 3 and linear; fruit a 3-seeded 
schizocarp, each mericarp separating from the short axis and remaining indehiscent, 
usually rugose or furrowed; seed with straight embryo, usually lacking endOvSperm. 

A unigeneric family (Tropaeolum) of about 50 species, distributed mostly in 
mountainous regions from Mexico south to central Chile and Argentina. None is 
indigenous to this country. 

The family, now accepted by most authors, once was included within the Gerani- 
aceae from which it differs by the distinct stamens and the fruit a schizocarp split- 
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ting into three 1 -seeded mericarps. Unlike the Geraniaceae, no beak is produced on 
the top of the Tropaeolum ovary. 

Eight species are cultivated domestically for ornament, notably the nasturtium 
(7. majiis) and the canary-bird flower (T. peregrinum), 

LITERATURE: 

Buchknau, F. Tropaeolaceae. In Engler, Das Pfianzenreich, 10 (IV. 131): 1-36, 1902. 
Ferinholiz, H. Tiopaeolaceae. In Engler and Prantl, Die natiirlichen Pllanzentamilien, 
ed. 2, Bd. 19a: 67 82, 1931. 
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LINACEAE. FLAX FAMILY 



Fig. 171. Linaceae. Liniim gratidiflorum: a, flowering and sterile branch, X V2; b, flower, 
X 1 / 2 ; c, flower, vertical section, petals excised, X 3; d, ovary, cross-section, X 8; e, 
capsule, X 2. (From L. H. Bailey, Manual of cultivated plants, The Macmillan Com- 
pany, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Mostly herbs, sometimes shrubs; leaves alternate or opposite, rarely whorled, 
simple, entire, stipules present or absent; flowers bisexual, actinomorphic, the 
inflorescence a dichasial cyme or cincinnus (sometimes appearing racemose), the 
perianth biseriate, the calyx of 5 distinct or basally connate sepals (rarely 4-parted 
with 3 -fid lobes), imbricate, the corolla usually of 5 petals (rarely 4), the petals 
contorted in bud, distinct, often clawed and when so the claw naked or crested, 
early deciduous; the stamens 5 and alternate with petals if 10 or more, the fila- 
ments basally connate to form a ring outside of which may be nectiferous glands, 
sometimes the 5 stamens alternated with 5 or 10 toothlike staminodes, the anthers 
2-celled, introrse, dehiscing longitudinally; pistil 1, the ovary superior, the carpels 
and locules 5 (rarely 3-4) or falsely 10-loculed by the intrusion of carpel midribs, 
the placentation axile, the ovules typically 2 in each locule, pendulous, anatropous. 
the styles as many as ovary locules, distinct, filiform, each terminated by a capitate 
stigma; fruit a septicidal capsule or drupe (in some Hugonieae) surrounded by the 
persistent calyx; seed with a usually straight embryo, the endosperm copious 
{Linum), scant or absent. 

A family of 9 genera and 200 species, of cosmopolitan distribution, and primarily 
of temperate regions of both northern and southern hemispheres. The Linaceae 
are represented in this country by about 35 indigenous species of Linum (includ- 
ing Cathartolinum and Hesperolinon), the largest genus, composed of about 140 
species. Other genera include Radiola (1), Reinwardtia (2), Hugonia (20 spp.) 

The family is distinguished by the generally 5-merous flowers, with the con- 
torted corolla composed of distinct and usually clawed fugacious petals, and by 
the shortly connate filaments and septicidally dehiscent capsule. 

Bessey and Rendle included it within the Geraniales, as did Wettstein. Hallier 
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transferred it to the Guttales as a derivative from the Ochnaceae and considered it, 
or stocks directly ancestral to it, to be the progenitor of several evolutionary lines 
including those giving rise to the Sapotales, the Scrophulariaceae, and others of the 
Tubiflorae, the Passiflorales, and probably the Polygalales (see Fig. 14). 

The family is important for the flax plant {Linum usitatissimum) that is widely 
cultivated as a fiber plant (from whose fibers linen cloth is made) and for the 
seeds (the source of linseed oil). About 25 species of Linum and one of Rein- 
wardtia are grown domestically as ornamentals. 

LITERATURE: 

Nestler, H. Beitrage zur systematichen Kenntnis der Gattung Linum. Beih. Bot. 

Centralbl. 50 (2): 497-551, 1933. 

Small, I. K. Linaceae. North Amer. Flora, 25: 67-87, 1907. 
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ERYTHROXYLACEAE. COCA FAMILY 


Fig. 172. Erythroxylaceae. Erphroxylon Coca: a, flowering branch, X V 2 \ b, flower 
habit, X 5; c, same, vertical section, X 5; d, petal, ventral side, X 3; e, fruit, X 3. 

Shrubs or small trees; leaves alternate (opposite in Aneulopha), simple, entire 
to crenate, stipulate (intrapetiolar); flowers bisexual, actinomorphic, inconspicuous, 
and solitary or fasciculate in leaf axils or the inflorescence a thyrse, the perianth 
biseriate, the calyx campanulate, sepals 5 (rarely 6), distinct and usually persistent, 
imbricate or valvate, the corolla somewhat rotate, the petals 5, distinct, convolute 
or imbricate, with bifid ligulate appendages or with callosities on inner face; 
stamens usually 10 in 2 whorls, more or less basally connate into a tube and exter- 
nally glandular, the anthers 2-celled, dehiscing longitudinally; pistil 1, the ovary 
superior, 3-carpelled, 3-loculed but usually with only 1 locule developing in fruit, 
the placentation axile, the fertile locule with 1-2 functional ovules, the ovules 
pendulous, anatropous, the styles 3 and distinct or basally connate, each terminated 
by a clavate or capitate stigma or the stigmatic surface obliquely depressed; fruit 
basically a berry, sometimes, drupaceous; seed with a straight embryo, endosperm 
present and fleshy or rarely absent. 

A family of 3 genera (Erythroxylon 200 spp., Nectaropetalum 4 spp., and 
Aneulophus 1 sp.), largely of the American tropics. None of them is indigenous 
to this country, and while the northern limits of distribution extend into Mexico and 
Cuba, the species reach their greatest development in South America. A few species 
are African. 

The Erythroxylaceae are distinguished by the monadelphous stamens, the appen- 
dages on the petals, and the drupaceous fruit. They were included in the Linaceae 
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times wanting; fruit a capsule, schizocarp, or samara, rarely a berry or drupe; seed 
with straight or curved embryo, the endosperm scant or none. 

A family of mostly pantropical distribution, of about 32 genera and 200 species, 
and a few representatives extending into temperate regions. It is represented in the 
warmer areas of the southeastern part of this country by indigenous species of the 
genera Castela [Castelarid] (9-1), Holocantha (2-1), Suriana (1-1), Simarouha 
(6-1), Picramnia (40-1), Alvaradoa (5-1), and by the widely naturalized sub- 
tropical to temperate Asiatic genus, Ailanthus (15-1). Cronquist (1945) treated 
the New World indigens as members of 12 genera. 

The family was excluded from the Geraniales by Wettstein, Rendle, Hutchinson, 
and Hallier, and segregated with others as a member of the Rutales (Terebinthales 
fide Hallier) for reasons given above under Rutaceae. It differs from the Rutaceae 
by the absence of pellucid dots in the foliage, the predominance of unisexual 
flowers, and (when present) by the scales on the filament bases. 

Economically the family is important for various bitters prepared from the bitter 
principle present in the bark of most members, and domestically for a few orna- 
mentals: Chinese tree of heaven {Ailanthus altissima) and 1 shrubby half-hardy 
species of Picrasma. 
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BURSERACEAE.”® BURSERA FAMILY 





Fig. 176. Burseraceae. Biirsera Simaruba: a, flowering branch, X Vs; b, staminate flower, 
habit, X 4; c, pistillate flower, habit, X 4; d, pistillate flower, vertical section, X 5; e, 
ovary, cross-section, X 12; f, fruit, X 2. 


Deciduous shrubs or large trees, aromatic oil- or resin-secreting; leaves alternate 
(rarely opposite), usually pinnately compound or decompound or infrequently 
reduced to a single leaflet, rachis often winged, estipulate; flowers bisexual or uni- 

Sometimes known as the torchwood family. The name Burseraceae has been con- 
served over other names for the family. 
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sexual (plants then polygamodioecious), actinoniorphic, minute, usually solitary 
or in panicles, the perianth biseriate, calyx and corolla imbricate or valvate, the 
sepals 3~5, more or less basally connate, the petals 3-5 (rarely absent) and alternate 
with sepals, usually distinct; disc present, annular to cup-shaped, rarely absent, 
sometimes adnate to the calyx; stamens in 1-2 whorls, of same or typically double 
the number of petals, hypogynous, distinct, sometimes unequal, the outer ones 
opposite the petals, the anthers 2-celled, dehiscing longitudinally: pistil 1, the ovary 
superior, 2 5-locuIed and -carpelled, the placentation axile, the ovules 2 (rarely 1) 
and collateral on each placenta, the style I or none, the stigma lobes usually as 
many as carpels; pistillate flowers (when present) often with staminodes; fruit a 
1-5-seeded berry with or without a valvate epicarp, or sometmes a tardily 
dehiscent capsule; seed \/ith straight or rolled embryo, no endosperm present. 

A family of about 20 genera and 50(^-600 species whose greatest development 
is in tropical America and northeastern Africa. It is represented in this country by 
3 species of Bursera (Elaphrium): B. Simaruha, the gumbo limbo, that exten^ls 
northward into southern Florida, and 2 species iB. odorata and B. micro phylla) that 
extend from Mexico into Arizona and adjoining southwestern areas. Among the 
largest genera are Bursera (60 spp. in tropical America), Commiphora (90 spp. 
northern Africa), Canarium (90 spp. tropical Asia and Africa), and Protium 
(60 spp. in tropical America). 

The family is distinguished from the Rutaceae and Simaroubaceae by the presence 
of resin ducts or chambers in the bark, by the distinct stamens and the short single 
style, and by the usual absence of punctate pellucid glands. 

Members of the family are of little importance domestically. However, they are 
very rich in gums and resins of considerable value in world markets, notably 
Frankincense and myrrh of biblical fame, from Boswellia and Commiphora, re- 
spectively. A resin, copal, used as a cement and varnish in Mexico, is obtained' 
from native species of the elephant tree (Bursera). A few species of Bursera and 
(tarufia are cultivated domestically in warm regions as ornamentals. 

UTERATUKE: 

Engiir, a. Biirseraceae. In Engler and Prantl, Die naturlichcn Pflanzenfamilicn, ed. 2, 
Bd. 19a: 405 457, 1931. 

Lam, H. J. Studies in phytogeny. Blumea, 3: 114 158, 1938. 

Ro.se, J. N. Burseraceae. North Amer. Flora, 25: 241 261, 1911. 

WhBBhR, 1. E. Systematic anatomy of the woods of the Burseraceae. Lilloa, 6: 441-465, 
1941. 


MELIACEAE.”’ MAHOGANY FAMILY 

Shrubs or trees, the wood often scented; leaves usually alternate, pinnately com- 
pound, decompound, or rarely simple, lacking pellucid dots, estipulate; flowers bi- 
sexual (rarely unisexual, the plants then polygamodioecious), actinomorphic, often 
in cymose panicles, the calyx usually imbricate (rarely valvate) and small, the sepals 
4-5, usually basally connate, corolla contorted or imbricate, the petals 4-5 (rarely 
3-8), distinct or connate, or adnate to the staminal tube and then valvate; the 
stamens 8-10, rarely 5 or numerous, hypogynous, mostly monadelphous by the con- 
nate filaments (distinct in Cedrcla), a disc usually present and between stamens and 
ovary, the anthers 2-celled, dehiscing longitudinally; pistil 1, the ovary superior, usu- 

Throughout the literature the baccate fruit of this family is designated a drupe 
or as drupaceous with 1 5 stones. There seems no morphological basis for treating it 
other than a berry that on occasion may be 1 -seeded by abortion. 

*^'^The name Meliaceae has been conserved over other names for this family. 
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ally 2-5-loculed and -carpelled (rarely l-many-loculed), the placentation axile, the 
ovules mostly 2 and paired (seldom more, but in Swictenia are 12, and in other 
genera sometimes 1 ) on each placenta, pendulous, anatropous, the style 1 or none, 
the stigma often capitate or discoid, lobed or not so; fruit a berry, capsule, or rarely 
a drupe; seeds often Nvinged, endosperm fleshy or none. 

Primarily a pantropical family of 50 genera and about 800 species, of which a 
single species {Swietenia Mahof^unii) is indigenous northward into southern Florida. 
The Asiatic chinaberry tree {Mclia Azedarach) is naturalized in southern parts of 
the country. The largest genera include Cedrela (100 spp., American tropics), 
Trichilia (200 spp., tropical America and Africa), and Guarea (100 spp. America 
and Africa). 



Fig. 177, Meliaceae. Melia Azedarach: a, flowering branch, X 1 / 2 ; b, flower, X 1; c, same, 
vertical section, X 3; d, pistil and expanded androecium, X 2; e, ovary, cross-section, X 6. 
(c-e adapted from Schnizlein.) (From L. H. Bailey, Manual of cultivated plants, The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


The family is distinguished from related taxa by the peculiar staminal tube, the 
discoid or capitate stigmas, and the usually winged seeds. It is separated from the 
Burseraceae by the lack of resin-producing ducts. 

This taxon was included by Hal'iici in his Terebinthales and considered to have 
been derived from the Rutaceae. Bessey retained it in the Geraniales, while Wett- 
stein allied it with the Burseraceae and Polygalaceae.("Hutchinson segregated it as 
the only family of his Meliales, stating that it differed from his Rutales primarily 
in the “leaves usually not gland-dotted and the stamens connate into a tube.” 

The Meliaceae are of little domestic importance. The chinaberry tree {Melia 
Azedarach) is grown widely in dooryards in the south. Mahogany {Swietenia) is 
cultivated to a limited extent as an ornamental, 1 species of the shrubby Turraea is 
grown in California, and the West Indian cedar {Cedrela odorata, C. Toona) is cul- 
tivated for ornament in warmer parts of the country. Much of the mahogany lum- 
ber of commerce is obtained from Swietenia, but the African mahogany is from 
Khaya senegalensis, also of this family. 

LITERATURE: 

Candolle, C. De. Meliaceae. In de Candolle, Monogr. Phan. 1: 399-752, 1878. 
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Panshin, A. J. Comparative anatomy of the woods of the Meliaceae, subfamily Swie- 
tenioideae. Amer. Journ. Bot. 20: 638-668, 1933. 

Wilson, P. Meliaceae. North Amer. Flora, 25: 263-296, 1924. 
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MALPIGHI ACEAE."« MALPIGHIA FAMILY 

Trees or shrubs, usually lianous, sometimes with stinging hairs and the unicellular 
hairs often variously branched or medianly attached; leaves usually opposite, some- 
times alternate or ternate, simple, often with petiolar glands and jointed petioles, 
stipules generally present and variable; flowers mostly bisexual, showy, variously 
arranged, usually bracteate, cleistogamous flowers often present, mostly aclino- 
morphic, or obliquely zygomorphic, the calyx imbricate (rarely valvate), the sepals 
5, mostly distinct, some or all with large sessile or stalked glands, the corolla con- 
volute, the petals 5, unequal, distinct, clawed, fringed, or toothed; stamens typically 
10 in 2 whorls, some or half often reduced to staminodes, hypogynous, usually 
basally connate, the anthers very diverse, 2-celled, introrse,’often with an enlarged 
connective, dehiscing longitudinally; pistil 1, the ovary superior, typically of 3 
(rarely 2, 4, or 5) locules, carpels, and lobes, the placentation axile, the ovule soli- 
tary in each locule, pendulous, semianatropous, styles usually distinct and then as 
many as carpels, rarely connate, the stigmas entire or minutely lobed; fruit a samara, 
schizocarp, capsule, berry, or rarely a drupe; seed with a large embryo, endosperm 
none. 



Fig. 178. Mai PiGUiACi AL, Malpifihia cocagera: a, flowering branch, X >/ 2 , b, flower, face 
view, X 1, c, flower, vertical section, X 3; d, ovary, cross-section, X 10; e, sepal with 
basal glands, X 4; f, twig with leaves, X Vz. (From L. H. Bailey, Manual of cultivated 
plants, The Macmillan Company, 1949, Copyright 1924 and 1949 by Liberty H. Bailey.) 


A tropical family of perhaps 60 genera and 850 species, primarily of the Ameri- 
can tropics and subtropics. Seven species of 5 genera arc indigenous in the warmer 
regions of this country; Byrsonima ( lOO-I) in southern Florida, Malpighia (35-1) 
and Thryallis (8-1) in Texas, and Aspknrpa (13 3) and Janttsia (12-1) from 
western Texas to southern Arizona. About 16 genera have species indigenous to 
Mexico, of which Banisteria ( 100 spp.) is one of the largest in the family. 

Distinguishing characters of the family include the medifixed unicellular hairs 
(sometimes stinging), the often lianous habit, the glandular calyx and prominently 
clawed petals, the peculiar anthers, and the often winged or lobed fruits. 

I'he family has been accepted by most botanists as allied to the Geraniales. 
Hutchinson placed it (together with the Erythroxylaceae) in his Malpighiales and 
derived the latter from tiliaccous stocks, while Hallier included it in the Polygalales. 

Members of the family are of little domestic importance. The Barbadoe.s cherry 
(MalpighUi glahra) and the related M. coccigera are cultivated as ornamental 
shrubs in warm parts of the country, as is also the yellow-flowered vine Stigma- 
phyllon ciliotum. 


^^^The name Malpighiaceae has been conserved over other names for this family. 
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LITERATURE: 

Niedenzu, F. Malpighiaceae. In Engler, Das Pflanzenieich, Hefte 91, 93, 94 (IV. 141): 
1 870, 1928. 

Small, J. K. Malpighiaceae. North Amer. Flora, 25: 117 171, 1910. 


TREMANDRACEAE."® TREMANDRA FAMILY 



Fig. 179. Tremandraceae. Tetratheca ciliata: a, flowering branch, X Vi; b, flower, habit, 
X IVi; c, same, vertical section (perianth partially excised), X 3; d, stamen, X 7; e, anther 
tip with single pore, X 20; f, anther at anthesis, cross-section, X 10; g, ovary, cross-section, 
X 10; h, bud, showing calyx, X 2, i, stem with whorl of leaves, X Xi. 

SuflFrutescent herbs or small shrubs, often with glandular hairs, stems some- 
times winged; leaves opposite, whorled, or alternate, simple, oftor' hcathlike, estipu- 
late; flowers bisexual, actinomorphic, solitary in axils, the calyx valvale, the sepals 
4-5 (rarely 3), distinct, the corolla induplicate-valvate, the petals of same number 
as sepals and alternate with them, distinct; a lobed glandular disc sometimes be- 
tween stamens and corolla; stamens 8-10 (rarely 6), usually in 2 whorls, hypog- 
ynous, distinct, the anthers 2-4-celled, dehiscing by a transverse terminal valve or 
more or less prolonged into a beak with terminal pores; pistil 1, the ovary superior, 
2-loculed and -carpelled, the placentation axilc, the ovules 1-2 (rarely 3) in each 
loculc, anatropous, pendulous, the style and stigma solitary, simple; fruit a com- 
pressed loculicidal or septicidal capsule; seeds often hairy, with an arillike ap- 
pendage from the chalaza, embryo small and straight, endosperm copious. 

A family of 3 genera and about 30 species, of southern and western Australia. 
One species of Tetratheca^ a dwarf shrub, is cultivated in warmer parts of this 
country. 

The Tremandraceae were retained by Bessey in the Geraniales. Wettstein placed 
them (together with the Polygalaceae and the Rutales sensu Hutchinson) m his 
Terebinthales, but neither Rendle nor Hallier accounted for them in their classifica- 
tions. Hutchinson placed them in his Pittosporales. This diversity of opinion reflects 
a lack of information prerequisite to any conclusive views on the phylctic rela- 
tionships of the taxon. 

POLYGALACEAE.*^'^ MILKWORT FAMILY 

Herbs, shrubs, or small trees, sometimes climbing or twining (chlorophyll-less 
saprophytes in the Malayan Epirrhizanthes); leaves usually alternate, sometimes 
opposite or whorled, simple, sometimes scalelike, mostly estipulate or with small 
stipular glands; flowers bisexual, zygomorphic, each subtended by a bract and 2 

”®The name Tremandraceae has been conserved over other names for the family. 

^®®The name Polygalaceae has been conserved over other names for this family. 
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bractlets, solitary spicate or racemose, the calyx zygomorphic, persistent, imbricate, 
the sepals typically 5 (4-7) with the 2 lower united or the sepals distinct with the 
2 inner sepals largest and often winged or pctaloid (similar to the wing petals of a 
papilionaceous flower), the coiolla basically of 5 distinct hypogynous petals but 
usually only 3 present (the 2 upper and lower median), generally more or less 
basallv adnaic to the androccium, the lower median petal often concave with or 
without a fringed crest (keel); stamens basically 10 in two 5-merous whorls but 
usually only 8 (rarely 3-7), monadelphous in a split sheath to beyond the middle 
(larcly distinct), the anthers basifixed, usually confluently 1-celled, dehiscing by 
an aoical or subterminal pore (rarely 2-celled and each splitting lengthwise), the 
pollen usually distinctive; an annular intrastaminal disc sometimes present on 
receptacle within the staminal whorl; pistil 1, the ovary superior, the carpels and 
locules usually 2 (sometimes 1, 3, or 5), the placentation axile, the ovule solitary 
on each placenta (rarely 2-6), pendulous, anatropous, the style 1, the stigmas (or 
stigma lobtvi) as many as carpels; fruit usually a loculicidal capsule, rarely a nut, 
samara, or drupe; seed often hairy, with a conspicuous micropylar aril or callosity, 
the embryo straight, axial, the endosperm soft fleshy (rarely absent). 




Fig. 180. PoLYOALACi Afc. Polygalu paucifolia: a, flowering plant, X Vi; b, flower, X 1; c, 
same, vertical section, X 1; d, stamens, X 5; e, anther, X 15; f, ovary, vertical section, 
X 5; g, same, cross-section, X 8, (From L. H. Bailey, Manual of cultivated plants. The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

A family of about 10 genera and 700 species, widely distributed, except in New 
Zealand and arctic regions of Asia and North America. The genus Polygaln (475 
spp.) is represented in this country by 45 indigenous species. Other North Ameri- 
can genera are Monnina (80 spp.) represented by a single species in New Mexico 
and Arizona, and SecuriJaca (Elsota) extending from Mexico southward. 

The family is characterized by the peculiar androecial structure, the modified 
perianth, and the usually biloculate ovary. The flowers superficially resemble the 
papilionaceous flowers of Leguminosae, but the similar parts are not homologous. 

The Polygalaceae were included in the Geraniales by Bessey, in the Polygales 
by Hallier, in the Tcrebinthales by Wettstein, as “of doubtful position” by Rendle, 
and in the Polygalales (sensu strictu, not of Hallier) by Hutchinson. Small also 
accepted the order Polygalales and included in it (for North America) the families 
Vochyaceae, Polygalaceae, and Dichapetalaceae; all characterized generally by the 
2 inner sepals pelaloid and winglike, the zygomorphic corollas, and the tendency 
toward reduction and cohesion of stamens. The taxonomic validity of the order Poly- 
galales {sensu Hutchinson) is more readily established than is its phyletic position. 

The family is of slight domestic economic importance. About 20 species of 
Poly gala, and 1 or a few of Securidaca and Comesperma are cultivated as orna- 
mentals. 

*3^ Small, J. K. Polygalales. In North Amer. Flora, 25: 299, 1924. 
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EUPIIORBIACEAE.'^'^ SPURGE FAMILY 



Fig. 181. Euphorbiaceae. a. Euphorbia pulchernma: Aa, flowering branch, X Ab, 
cyathium, X 1; Ac, same, vertical section, X 2; Ad, staminate flower, X 6; Ae, pistillate 
flower, vertical section, X 3; Af, ovary, cros-section, X 5. B, Xylophylla angustifolia: Ba, 
stem bearing flowering phyllodium, X *4; Bb, phyllodium tip with inflorescences, X 2. 
(From L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Liberty H. Bailey.) 

Monoecious or occasionally dioecious herbs, shrubs, or trees, often with milky 
juice, sometimes fleshy and cactuslike; leaves mostly alternate, sometimes opposite 
or whorled, simple or variously compound, usually stipulate (sometimes reduced 
to hairs, glands, or spines); flowers unisexual, sometimes much reduced by suppres- 
sion of parts, mostly actinomorphic, variously disposed but the inflorescence usually 
determinate, both calyx and corolla present or the latter or both absent, perianth 
valvate or imbricate, sepals and petals usually distinct, usually 5-merous; staminate 
flowers with stamens usually as many or twice as many as petals (when corolla is 
present) or reduced to 1 (as in Euphorbia ), distinct or monadelphous (filaments 
partially connate in Ricinus), anthers 2-celled (rarely 3-4-celled at anthesis), de- 
hiscing longitudinally or transversely (as in Euphorbia) (rarely by apical pores), 
intrastaminal disc usually present in multistaminate flowers (sometimes differenti- 
ated into glands), pistillode frequently present; pistillate flowers with or without 

^22 The name Euphorbiaceae has been conserved over other names for the family. 

123 por explanation of the floral situation in Euphorbia and other related genera, cf. 
Wheeler in Bull. Torrey Bot. Club, 63: 449, 1936, and Rhodora, 43: pi. 655, 1941; 
Rendle, ed. 2, 2: 256-265, 1938, Haber 1925, and in Willis, J. C. Dictionary of Flower- 
ing Plants and Ferns, ed. 6, pp 256 259, 1931. 
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staminodes, often pedicillate (Euphorbia), the ovary superior, 3-locuIed and -car- 
pelled (rarely 2-4), placentation axile, the ovules 1 or less commonly 2 and col- 
lateral in each locule, pendulous, anatropous, the micropyle usually carunculate, 
the stvles 3, distinct or basally connate, each often 2-lobed, stigmas 3 or 6 and 
linear or broadened, often papillate or dissected into filiform segments; fruit usually 
a sch 7ocarp capsule splitting bften elastically into three 1 -seeded cocci that dehisce 
ventrally; seeds with straight or bent embryo and copious soft-fleshy to fleshy 
endosperm. 

A large family of 283 genera and about 7300 species, of almost cosmopolitan 
distribution, mainly of the tropics but extending also into the temperate regions of 
northern and southern hemispheres. Two major centers of distribution are tropical 
Ameiica and Africa. Fifteen genera have more than 100 species each, and the largest 
include Euphorbia (over 1600 spp. ), Croton (700), Phyllanthus (480), Acalypha 
(430), (tlochidion (280), Maiaranf*a (240), Manihot (160), Jatropha (150), and 
Traftia ( 140). In this country, about 25 genera are represented by a total of about 
225 indigenous species, with the greatest number of genera (16) and indigenous 
species (about 80) occurring in the southeastern region. 

The family is distinguished by the milky sap (when present), the unisexual 
flowers, the ovary superior and usually trilociilar, placentation axile, and the ovules 
collateral, pendulous with ventral raphe and a usually carunculate micropyle. 

Hallier included the Euphorbiaceae in his Passionales. Wettstein, Rendle, and 
Hutchinson each isolated them in an order by themselves (termed the Tricoccae 
by the first 2, who included also the Callitrichaceae, and termed the Euphorbialcs 
by the latter). The most constant character for the order (sensu Engler) is the 
superior, tricarpellate, trilocular ovary, and each locule with 1 or 2 pendulous 
ovules with usually ventral raphe. The Euphorbiaceae were considered by Pax and 
Hoffmann to be composed of 4 subfamilies: the Phyllanthoideae, with cotyledon*- 
broader than the radicle, and ovules 2 in each locule; the Crotonoideae (to which 
belong most North American genera) differ in ovule solitary in each locule; the 
Poranthcioideae (Australian), with radicle as wide as cotyledons and biovulate 
locules, and the Australian Ricinocarpoideae with uniovulate locules. 

T he Euphorbiaceae are of considerable economic importance from the world 
viewpoint, since products of the family include rubber (Heveii), lung oil (Aleurites 
Fordii), castor oil (Ricinus), and cassava and tapioca (M^mihot). Of these only 
tung oil is produced commercially in this country. Many members of the family 
are grown domestically as ornamentals, notably the poinsettia and crown of thorns 
(Euphorbia spp.) croton (Codiaeuni spp.), Otaheite gooseberry (Phyllanthus), 
and the castor-bean plant (Ricinus). 
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‘2-* These figures, and those given as totals for particular genera of the family, are 
taken from Pax and Hoffmann (1931). 
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southern Florida. Rhodora, 43: 97 154, 168-205, 223 286, 1941. 

.The geneia of living Euphorhicae. Amer. Midi. Nat. 30: 456 503, 1943. 
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CALLITRICHACEAE. WATER-STARWORT FAMILY 

Monoecious annual herbs, aquatic or terrestrial, stems slender and delicate; 
leaves opposite (the upper ones often rosulate in aquatic .species), entire, e.stipulate; 
flowers unisexual, actinomorphic, solitary in leaf axils (rarely flowers of both sexes 
in same axil), perianth absent, each flower subtended by 2 hornlike bracteoles; 
staminate flower comprised of a .single stamen, the anther 2-celIed dehiscing laterally 
and longitudinally; pistillate flower compo.sed of a single pistil, the ovary superior, 
2-Iobed, -carpelled, and -loculed (or 4-loculed by false septa), the placentation 
axile, the ovules 1 in each locule, pendulous, anatropous, the styles 2, filiform. 
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papillose*; fruit a schizocarp splitting at maturity into 2 or 4 mericarps, the lobes 
usually dorsally keeled or winged; seed with straight embryo and fleshy endosperm. 

A unigeneric family (Callitriche) of almost cosmopolitan distribution, composed 
of perhaps 26 species. The number of species has been intei preted variously; some 
authors consider all taxa to be variants of 1 or 2 species (a view contradicted by 
cytological data), but Hegelnlaier (1864) accepted 24 species and Jorgensen (1923, 
1925) recognized 44 species. By liberal interpretation there are about 10 species 
indigenous to this country. 



Fig. 182. Callitrichaceae. Callitriche heterophylla: a, plant in flower, X 1; b, leaf, with 
flower and bracts, X 5; c, flower, bracts removed, X 12; d, ovary, vertical section, X 25; 
c, ovary, cioss-section, X 25; 1, fruit, X 15. 


The phyletic position of the family is obscured by the extreme reduction of 
parts and of the vascular anatomy. Early botanists, including Hegelmaier and 
Bcntham and Hooker, included it in the Haloragaceac. Eichler, Baillon, Rendle, 
Wettstein, and Pax considered it an advanced member of the Euphorbiales. Hallier 
included it as a primitive member of his Giittales, derived from Linaceae Hutchin- 
son included it in the Lythrales, together with Haloragaceae and Onagraceae. 
Economically the family is of no importance. 

UlCRArCKH: 

Bah LON, H. Recherches siir I’organogenie du Callitriche. Bull. Soc. Bot. Er. 5: 337-341. 

lffOMM,iiiR, L. Monographic dcr Gattung Callitriche. Stuttgart, 1664. 

. /ill Systcmalik von Calliiiiche. Verh. Bot. Verein Brandenburg, 9: 1 40, 1867. 

Hyiandir, N. Sludicn uber nordische Gefasspflanzen. Upsala Univ. Arsskrift, 1945, [Cf. 

pp 234 236 tor taxonomic discussion ot genus 1 
JoRCiiNsiN, C. A. Studies on Callitrichaceae. Bot Tidsski. 38 (2): 81 122, 1923. 

Erage dcr systematischen Stellung dei Callitrichaceae. Jahrb. wiss. Bot. 64; 

440 442, 1925. 

Pax, E'. and Hollmann, K. Callitrichaceae. In Engler and Prantl, Die naturlichen Pflan- 
/cnfamilien, ed. 2, Bd. 19c: 236 240, 1931. 


Order 27. SAPINDALES 

Usually woody plants, differing from the Geraniales in the ovules pendulous with 
the dorsal raphe and micropyle upward or erect with ventral raphe and micropyle 
downward. 

*^-^This order derives its name from the type family Sapindaceae, and it fiom its 
type genus Sapitulus. At one time the family Anacardiaceae was known by the oldet 
name Terebinthaceae and the order was designated as the Terebinthalcs. 
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The order was treated by Engler and Diels as composed of 1 1 suborders and 
23 families as follows (family names preceded by an asterisk not treated in this 
text): 


Buxineae 

Buxaceae 

Empetrineae 

Empetraceae 

Coriariineae 

Coriariaceae 

Limnanthineae 

Limnanthaceae 

Anacardiineae 

Anacardiaceae 


Celastrineae 
Cynllaceae 
* Pentaphy llacaceae 
♦Corynocarpaceae 
Aquifoliaceac 
Celastraceac 
Hippocrataceae 
♦Salvadoraceae 
♦Stackhousiaceae 
Staphyleaceae 


Icacinineae 

Icacinaceae 

♦Aetoxicaceae 

Aceraceae 

Hippocastanaceae 

Sapindaceae 

Sabiineae 

Sabiaceae 

Melianthineac 

Melianlhaceae 

Didiercineae 

*Didiereaceae 

Balsuminineae 

Balsaminaceae 


The families of the Sapindales (sensu Engler) have been interpreted by all other 
phylogenists to belong in from 3 to 6 orders. All have included the Limnanthaceae 
in the Geraniales (Gruinales), and all except Wettstein included the Balsaminaceae 
in the same order. There was general agreement that the vSapindalcs should be 
restricted to include the Sapindaceae. Hippocastanaceae, Sabiaceae, Melianthaceae, 
Aceraceae, and Anacardiaceae, with the Celastiaceae, Aquifoliaceac, and Hippo- 
crataceae composing the Celastrales (a view rejected by Hallier, who included them 
in his Guttales). The alliance of some families assigned by Engler to this order 
has been interpreted very diversely (especially the Buxaceae, Empetraceae, and 
Coriariaceae) as indicated in the discussions that follow here under each of 
these families. 


HIJXACEAE. BOXWOOD FAMILY 



Fig, 183. Bi XACLAh, Bu.xus scnipvninns: a, flowering branch, X Vi; b, inflorescence and 
flowers, X 2; c, pistillate flower, X 3; d, same, vertical section, X 3; e, ovary, cross- 
section, X 5; staminatc flower, X 3. (From L H Bailey, Manual of cultivated plants. 
The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Monoecious or dioecious evergreen herbs, shrubs, or trees; leaves alternate or 
more often opposite, simple (not linear), leathery, estipulate; flowers unisexual, 
actinomorphic, bracteate, spicate or racemose, inconspicuous, perianth composed 
only of a calyx or sometimes wanting, sepals usually 4, basally connate (in the 
pistillate flower, the calyx sometimes 4-12-parted): staminate flowers typically with 
4 stamens opposite calyx lobes or stamens numerous, anthers 2-cel led, dehiscing by 
valves or longitudinal slits, pistillode sometimes present, pistillate flowers fewer 
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than staminate and sometimes solitary, the pistil 1, the ovary superior, typically 
3-loculed and -carpelled (rarely the carpels 2 or 4), sometimes deeply lobed at 
least apically, placentation axile, the ovules usually 2 in each loculc, collateral, 
pendulous with a dorsal raphe, anatropous, the styles as many as carpels, simple, 
basally connate or distinct and divergent; fruit a loculicidal capsule dehiscing 
elastically, or indehiscent and berrylike; seed glossy black, usually with a caruncle, 
embryo straight, endosperm fleshy. 

A htmily of 6 genera and 30-60 species, indigenous to the tropics and subtropics 
of especially the Old World. Bttxits (25-40 spp.) is the largest genus. Pachysandra 
(4 spp.), primarily an Asiatic genus, has 1 species (P. procumhens) indigenous to 
mountainous areas of West Virginia south to western Florida and Louisiana. The 
monotypic Simmondsia (a dioecious shrub) extends north from Mexico into the 
southwestern parts of this country. 

The Buxaceae are distinguished from related families by the absence of milky 
sap, the perianth represented only by a calyx, the 3-loculed ovary with typically 2 
collateral and pendulous ovules with dorsal raphes in each loculc, and the glossy 
black carunculate seeds. 

The family was included in the Euphorbiaccae by Bentham and Hooker, was 
treated as a distinct family but in the same order (Tricoccae) by Wettstein and by 
Rcndle, was placed in the Hamamclidalcs by Hutchinson and in the Celastralcs by 
Besscy. 

Economically, the family is of importance for its ornamentals: boxwood (Buxus\ 
lapanese spurge (Pachysandra), and Sarcococca, and the hard fine-grained wood 
of boxwood is used in commerce. 

LITERATURE: 

Muiiir, J. Buxaceae. In de Candolle, Frodromiis, 16 (I): 7 23, 1869. 

Pax, F. Buxaceae. In Fnglcr and Piantl, Die natuilichcn Pflanzenfamilien. Ill (5): 130-* 
136, 1890. 


EMPETRACEAE.'^“ CROWBERRY FAMILY 



Fig. 184. F MPi iRACiAi. Enipctfum uifirami a, fruiting branch. X Vi\ b, twig (of Cotema 
Coiuadn), X 2, c, staminate flower, X 4; d, pistillate flower, X 8, e, same, vertical section, 
X 8. (From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. 
Copy light 1924 and 1949 by Liberty H. Bailey.) 

Small, sometimes dioecious, evergreen, pulvinate, heathlike shrubs: leaves alter- 
nate, deeply grooved beneath, linear, estipulate; flowers usually bisexual (occa- 
sionally unisexual), axillary or congested in terminal heads, actinomorphic, small, 
apetalous, sepals 2 6, sometimes petaloid, bracteate, or absent, imbricate, in 2 
whorls (the inner whorl interpreted as petals by some authors), stamens 2-4, hy- 
pogynous, distinct, the anthers 2-celled, dehiscing longitudinally, no disc present, 
pistil 1 (rudimentary in staminate flowers), ovary superior, 2-9-loculed and -car- 

The name Empetraceae has been conserved over other names for this family. 
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pelled, placentation axile, the ovule solitary in each loculc, anatropous or nearly 
campylotropoiis (amphitropous), the style 1, short, variously lobed, fringed, or 
divided, the stigmatic branches as many as carpels; fruit a fleshy or dry berry con- 
taining 2 or more 1 -seeded pyrenes; seed with long straight embryo, endosperm 
present. 

A family of 3 genera and 8 species of mountainous regions of North and South 
America, extending to the arctic and the antarctic, and in the circumpolar regions 
of the northern hemisphere. Empetrum and Corema are native in the Rocky Moun- 
tains, in associated mountain ranges of the west, and the Adirondacks and Alle- 
ghenies in the east, also in relic floras from New Jersey to Michigan. The monotypx 
Ceratiola (C. ericoides) occurs only in the Atlantic coastal plain from Florida to 
South Carolina and westward to Mississippi. 

The ericaceous habit associated with the apetalous condition, the few stamens, 
the often flabellate style branches and fruit are characteristic of the family. 

Hallier and Wettstein included the family within the Bicornes (primitive Gamo- 
petalae), Hutchinson and Rendle each placed it in the Celastrales, and Bessey 
included it in the Sapindales. The alliance of the family with the sapindaccous or 
celastraceous taxa depends largely on the phyletic significance of the erect ovule 
and its ventral raphe. Wettstein rejected this character as of no major importance, 
and based his views of alliance (as an advanced and perhaps degenerate taxon) with 
the Ericaceae on embryological and endosperm afflnities, and on the compatibilities 
indicated by serological studies. 

The family is of little economic importance. Species of Empetrum and Corema 
are cultivated to a limited extent, and with difficulty, as ornamentals or novelties. 

LITERATURE: 

Flrnald, M. L. and Wiegand, K. M. The genus Empetrum in North America. Rhodora, 
15: 211 217, 1913. 

Good, R. O’D. The genus Empetrum. Journ. Linn. Soc. Bot. 47: 489-523, 1927. 

Pax, F. Empelraceae. In Engler and Prantl, Die naturlichen Pflan/,enfamilien, 111 (5): 
123 127, 1895. 


CORIARIACEAE.'^’ CORIARIA FAMILY 



Fig. <85, CoRiARiACEAE. A, Coriaria japomca: Aa, flowering branch, X Ab, pistillate 
flower, habit, X 2; Ac, same, vertical section, X 3; Ad, gynoecium, habit, X 3; Ae, 
staminale flower, X 2. B, Coriaria myrtifoUa: fruit, X 2. (Ab-Ae, redrawn from Curtis’ 
Bot. Mag.: B, from Baillon.) 

Suflfrutescent perennial herbs or shrubs with angular twigs; leaves opposite or 
whorled, simple, entire, estipulate; flowers bisexual or sometimes unisexual, actino 
morphic, axillary or racemose, perianth biseriate, sepals 5 and imbricate, petals 5, 

*“’The name Coriariaceae has been conserved over other names for this family. 
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smaller than the sepals, keeled within, fleshy, persistent and enlarging in fruit and 
adhering to the fruiting carpels to produce a pseudodrupe, the stamens 10, distinct 
or those opposite the petals adnate to petal keel, hypogynous, anthers exserted, 
2-celled, dehiscing longitudinally, gynoecium of 5-10 distinct pistils, the ovary 
superior, uniloculate, l-carpelled, the ovule solitary, pendulous from a parietal 
placenta, anatropous, the style terminal, linear, stigmatic along ventral side, usually 
divergent, those of adjoining pistils distinct: fruit an achene seemingly drupaceous 
hy accrcsccncc of the persistent fleshy petals; seed with straight embryo and scant 
endosperm. 

A unigencric family {Coriaria) of about 10 widely distributed species. A few 
are indigenous to South America, and one extends north into Mexico. None is 
native m this country. Centers of distribution include eastern Asia, the Mediter- 
ranean region, New Zealand, and Chile. 

The Coriariaceae are not closely related to any other family, the Empetraceae 
perhaps the closest allies, and represent a relic of ancient stocks. Wettstein con- 
sidered the family to be of questionable phylctic relationship and placed it, together 
with the Cyiillaceae, between Hippocastanaceae and Balsaminaceae in the Tere- 
binthales. Bessey included it in the same order (as Sapindales) and Hutchinson 
treated it as a distinct order allied to his Dilleniales and Pittosporales. 

The plants are of no domestic importance, although 1-2 species are cultivated 
as ornamentals in warmer parts of the country. The foliage and fruits are reported 
to be very poisonous, and in Mexico the fruits are reportedly used as a dog poison. 
Dyes from the fruits have been used to prepare indelible inks. 

UrERATVRE: 

Enoiir, A. Coriariaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, III 
(5): 128 129, 1890. 

Good, R. O'D. The geography of the genus Conana. New Phytologist, 29: 170-198, 1930. 


LIMNANTHACEAE. LIMNANTHUS FAMILY 



Fig. 186. LiMNANiHACLAt. Limmunhes Douglasii: a, flowering branch, X Vi; b, flower, 
face view. X 1; c, same, veitical section, X 2; d, pi.stils, X 5; e, gynoecium, cross-section, 
X 4. (c after Engler & Prantl, d-e fiom LeMaout & Decaisne.) (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty II. Bailey.) 

Annual herbs; leaves alternate, pinnately dissected, estipulate; flowers bisexual, 
actinomorphic, solitary, and usually on long axillary peduncles, perianth biseriate, 
the sepals 3- or 5-merous, valvate, distinct or nearly so, persistent, the petals 3 or 5, 
contorted, withering-persistent, distinct, usually clawed, often alternating with 
many nectiferous glands; the stamens twice as many as the petals, in 2 whorls, 
distinct, the outer ones alternating with petals and often with basal glands, the 
anthers 2-celIed, dehiscing longitudinally; gynoecium a single pistil of 3-5 distinct 
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Mukherji, S. a monograph of the genus Mangtfera L. Lloydia, 12: 73 136, 1949. 
Record, S. J. American woods of the family Anacardiaceae. Trop. Woods, 60: 11-45 
1939. 

Sweet, H. R. and Barkley, F. A. A most useful plant family, the Anacardiaceae. Bull. 
Mo. Bot. Gaid. 24: 216-229, 1936. 

CYRILLACEAE.'^® CYRILLA FAMILY 



Fig. 188. Cyriliacfae Cynlta racemiflora: a, flowering bianch, X I/ 2 ; b, flower, habit, 
X 5; c, flower, vertical section, X 6; d, pistil, habit, X 8; c, ovary, cross-section, X 15; 
f, fruit, X 5. 


Deciduous or evergreen shrubs or small trees; leaves alternate, simple, mostly 
coriaceous, estipulate; flowers bisexual, actinomorphic, in racemes, the sepals 5, 
basally connate, imbricate, or rarely valvate, persistent and often enlarged in fruit, 
the petals 5, distinct or basally connate, imbricate or contorted; stamens 10 in 2 
whorls of 5 each or the inner whorl lacking or reduced to slam inodes, hypogynous, 
the filaments dilated and distinct, the anthers 2-celled, dehiscing longitudinally; pistil 
1, the ovary superior, 2-4-loculed and -carpelled, the placentation axile, the ovules 
usually I or 2 (rarely 4) collaterally disposed on each placenta, pendulous, anat- 
ropous, the style 1 and short or nearly obsolete, the stigmas 2 and linear-ovate; 
fruit a dehiscent capsule or a leathery to fleshy drupaceous berry, often angled or 
winged; seed with small straight embryo, the endosperm fleshy. 

An American family of 3 genera (Cyrilla, Cliftonia, and Costaca). The first 2 
are monotypic indigens of southeastern United States, and Costaea has 3 species 
extending from Cuba to Brazil and Colombia. 

The family is set apart from related families by the racemose inflorescence, the 
petals basally short-connate, the several-celled few-seeded ovary, and by the 
capsular or winged and drupaceous fruit. 

It is of little economic importance. Leatherwood (Cyrilla racemosa) and the 
buckwheat tree (Cliftonia nwnophylla) are cultivated as ornamental shrubs prized 
for the fragrant white flowers and showy autumn coloration of the foliage. 

LITERATURE' 

Uphof, Th. Cyrillaceae In Engler and Prantl, Die nalurlichen Pflanzenfamilien, ed. 2, 
Bd. 20b: 1-12, 1942. [Not seen.] 

AQUIFOLIACEAE. HOLLY FAMILY 

Evergreen or deciduous trees or shrubs, leaves alternate, simple, coriaceous, 
stipules minute or none; flowers bisexual or unisexual (the plants then dioecious or 
polygamodioecious), actinomorphic, small and greenish, solitary to few in fascicles 
or axillary cymes, the sepals 3-6, more or less basally connate, imbricate, the petals 

****The name Cyrillaceae has been conserved over other names for this family. 
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4-9, distinct or scarcely connate basally, hypogynous, imbricate; the stamens 4-9, 
distinct, alternating with and sometimes adhering basally to petals, the anthers 
2-celled, dehiscing longitudinally, no disc present (sterile anther-bearing staminodes 
usually present in pistillate flowers, a rudimentary pistil present in most staminate 
flowers); pistil 1, the ovary superior, 3-many-lociiled, the carpels as many as locules, 
the placentation axile, the ovules 1-2 on each placenta, pendulous, anatropous, the 
style 1 and teirninal or absent, the stigma lobed or capitate; fruit a berry with 
usually 4 pyrenes; seed with minute straight embryo and a copious fleshy endosperm. 



Fig. 1^9. Aguuoi lAC'tAL. A, Ilex cotnuta: Aa, twig with fiuit, Vi\ Ab, (lower habit, 
y 2: Ac, (lower, vertical section, X 3; Ad, ovary, cioss-section, X 6. B, Ilex verticillata. 
fruiting branch, X (From L. H. Bailey, Manual oj cuhnated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


A family of 3 genera (Ilex, Nemopanthus, Bvronia) and about 300 species. Ilex 
is a widely distributed genus of perhaps 295 species, represented domestically by 
about 15 indigenous species; Nemopanthus is a monotypic genus of northeastern 
North America, and Byronia a Polynesian and Australian genus of 3 species. Ilex 
is common to eastern United States and Asia, with its chief center of world dis- 
tiibution in Central and South America. 

The family is distinguished by the absence of such characters as conspicuous 
stipules and interstaminal disc, and by the presence of determinate axillary inflo- 
rescences and the polygamodioecious character of the plants. 

Most phylogenists have treated the Cclastrineae of Engicr as an order distinct 
from the Sapindalcs, and have included the Aquifoliaceae in it. Hallier included 
this and the next family in his Guttales, a view not shared by most contemporary 
botanists. 

Economically the family is important for the white hard wood of Ilex spp. and 
for the ornamental value of a number of species of this genus of which about 30 
spp. and innumerable hybrids and clones are cultivated in this country. 

LlIi:i<AI URi:. 

loisiNiR, 1. Monographia Aqiiifoliaeeaium. Nov. acta acad. Cues. Leop. Carol. 78: 

I 598, 1 90 1; op, cil 89: I U3, 1908. 

('bci die Aquifobaccen, bcsondcis uber lle\. Mitt, deutsch. dendr. Ges. 28: 1 66, 

1919 

. Aquiloliaceae. In Fnglcr and Prantl, Die natui lichen, Pflanzenfamilicn, ed. 2, Bd. 

2()b: 38 86, 1942. i Not seen.) 

iRiiiAsi. W. Revision o( the North Ameiican Ilicineae and Celastraceae, Trans, Acad. 
St loins, 5. 343, 357, 1892. 


CELASTRACEAE. STAFF-TREE FAMILY 

Trees or shrubs, often climbing or twining; leaves alternate or opposite, simple, 
deciduous or pcisistent, stipules small and caducous or absent; flowers bisexual, or 
sometimes functionally unisexual (the plants then polygamodioecious), actinomor- 
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phic, small and greenish, cymose, the sepals 4-5, basally connate, mostly imbricate, 
the petals 4-5 (rarely absent), imbricate (rarely valvate); stamens 4-5 (rarely 10) 
and alternate with petals, arising from or below the rim of an annular disc, distinct, 
the anthers 2-celled, dehiscing longitudinally; disc present and often adnate to the 
ovary; pistil I, the ovary superior (sometimes seemingly inferior by adnation of 
disc), 2-5-loculed and -carpelled, the placentation axile, the ovules usually 2 on 
each placenta, usually erect and anatropous, the style 1 and short, the stigma 
usually capitate or obscurely 2-5-lobed; fruit a loculicidal capsule, berry, samara, 
or drupe; seed usually covered by a bright-colored pulpy aril, the embryo generally 
enveloped by the endosperm. 



Fig. 190. Cii.AsiRACbAK A, CelasDus oihicuUuus: Aa, Howcring bianch, X U, Ab, 
staminate flower, vertical section, X 2, Ac, pistil of pistillate flower, veitical section, x 6; 
Ad, ovaiy, cross-section, X 20, Ac, fruiting infloiescence, X > 1 . B, Euotwmus Maackii: 
fruiting branch, X V 2 . (Fiom L, H. Bailey, Manual of cuItnateJ j^'ants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

A family of 45 genera and about 500 species, widely distributed except in the 
arctic, and represented in this country by 10 genera and about 20 species. In the 
eastern half of the country are indigenous species of iuwnymus, Fachy.stinui and 
Celastrus, with Maytenus, Rhacoma, Gyminfla, and Schuefferia having indigenous 
species restricted to the southeast, while in the southwest and west are Mortonia, 
Forsellesia, Canotia,^'^^ Eiumymus, and Pachystima. 

The Celastraccae are distinguished by the cymose inflorescences of small greenish 
flowers, by the ovary usually surrounded by the disc, situated inside the point of 
stamen attachment and often adnate to the stamens, and by the seed usually en- 
veloped by a bright-colored aril. Several closely related families differ in their 
having ovaries with uniovulate locules whereas in Cclastiaceae there arc usually 2 
ovules in each locule. 

The family is of slight economic importance. Species of 8 genera arc cultivated 
domestically for ornament. These genera include: hlacodendron. Cat ha, Gymno- 
sporia, and Maytenus grown in southern areas and Celastrus, Euonynius, Tri ptery- 
gium, and Pachystima in cooler temperate areas. 

LirhRATVRE- 

Croi.^at, Lion. A study in the Celastraccae. Siphonodonoideac subf. nov. Lilloa, 13: 31- 
43, 1947. 

Ensign, M. A revision of the celastraceous genus Forsellesia {Glossopetalon). Amer. 
Midi. Nat. 27: 501-511, 1942. 

Canotia was included in the Koebeihniaceae by Barnhait (No. Am. FI. 25: 101 
102, 1910), a view accepted by Jepson (1936), but Englcr and Diels (1936) treated 
the type genus, Koeherhma, as the type of the subfamily Koeberhnioideae of the Cap- 
paridaceae. Kearney and Peebles (1942) retained Canal ia in the Celastraccae, observing 
that it was “an anomalous plant in this family.” 
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Harris, J. A. Correlation in the inflorescence of Celastrus scandens. Ann. Rep. Mo. Bot. 
Card., 20: 116 122, 1909. 

Lors' N! T, Cciastraceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, 
Bd. 20b: 87 197, 1942. I Not seen.J 

L'NDiii, C. L. Revision of the American Celastraceae 1. Wunniena, Microtropis, and 
Zinowtewia. Conir. Univ. Michigan Herb. No. 3: 1-46, 1939. 

McNaih, G. 1' Comparative anatomy within the genus Euonymus, Univ. Kansas Sci. 
bull. 19. 221 260, 1930. 

Spragui, T. a. The correct spelling of certain generic names: 6. Euonymus or Evony- 
mus. Kew Hui;. 1928: 294 296. 


hipi^ocrateaceae. hippocratea family 



Fig. 191. Hippocraii AC h\i Hippocratea voluhiUs: a, flowering branch, X V-x\ b, flower, 
habit (stamens eiect), X 5, c section of llowei (stamens lecurved), X 5; d, flower, ver- 
tical section, X 6; e, ovaiy, cross-section, X 10; f, anther, X 12; g, fruit, X Vi. 


Trees, shrubs, or vines; leaves usually opposite, simple, minutely stipulate or 
estipulate; inflorescence thyrsoid, cymose racemose, paniculate or fasciculate; 
floweis bisexual, actinomorphic, usually small, bractcolate; flowers often with 
abundant mucilaginous fibers; perianth biseriate, the sep.tls usually 5, distinct or 
nearly so, imbricate, persistent, the petals usually 5, distinct, imbricate or valvate, 
subcrect or rotate; stamens usually 3 (rarely 2, 4, or 5), the filaments often dilated 
and biiefly connate basally, inserted within the disc, this usually annular and con- 
tinuous hut rarely discontinuous and forming staminiferous pcx'kets, the anther cells 
2 or confluent and seemingly 1, usually dehiscing transversely; pistil 1, the ovary 
supeiioi and the disc sometimes adnate to its base and concealing it, 3-loculed and 
-carpelled (loculcs rarely 5), the placentation axile, the ovules 2-14 in each locule, 
usually collateral or 2-ranked, anatropous, the style usually short and trifid (rarely 
absent), the stigmas obscure or obvious, usually 3, entire or bifid; fruit a schizocarp, 
a 3-valved capsule, or a berry; seeds compressed or angular or winged in capsular 
fill its, no endosperm present. 

A pantropical and subtropical family of about 18 genera and about 225 species, 
of which 12 genera and 1 15 species are American. The monotypic Hippocratea (//. 
voluhilis) extends northward into southern Florida and is the only member of the 
family indigenous in the United States. The larger tropical American genera 
include: Tontelea (30 spp.), Salacia (29 spp.), and Cheiloclinium (20 spp.). 

Distinguishing characters for the I’amily are found in the combination of pre- 
dom nantly lianous habit, usually opposite leaves, the (usually) 3 stamens arising 
from the base of the tricarpellate ovary and inside the disc, and the often winged 
or angular seeds. 

The Hippocrateaceae have been accepted as a distinct family of the Celastrales 
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(or Celastrineae) by all except Hallier. who combined them with the Celastraceae. 
Smith (1940) acknowledged the affinity of the family with the Celastraceae, but 
pointed out numerous differences between the 2, especially in the relationship of 
androecium to the disc, the anther dehiscence, and in the fruit and seed. 

The members of the family are of no consequential domestic economic im- 
portance. 

LITLRATURE 

LoEsrNhR, T. Hippocrateaceae. In Engler and Prantl, Die natiirlichen Pllanzenfamilien 
3(5): 222 230, 18%. 

Hippociateaceae. In Engler and Prantl, Die naturlichen Pllanzenfamilien, ed. 2, 

Bd. 20b: 198 231, 1942. 1 Not seen. I 

Milrs, J. On the Hippociateaceae of South America. Tians. Linn. Soc. Bot. 28: 319 432, 
1872. I Includes all m the New Woild.l 

Smiih, a C. The Ameiican species of Hippocrateaceae. Biittonia, 3: 341 555, 1940. 
Notes on Old World Hippocrateaceae. Amer. Jouin. Bot. 28: 438 443, 1941. 


STAPH YLEACEAE. BLADDERNUT FAMILY 



Fig. 192. Si APHVLi ACi Ah Slaplivlea tn/olia: a, floweiing bianch, X Vi; b, flower, X 1; 
c, same, vertical section, X 2, d, ovaiy, cioss-scction, X 6, e, liuit, X Vi. (Fiom L. H. 
Bailey, Manual of cultixated plants. The Macmillan Company, 1949. Copyiight 1924 and 
1949 by Libeity H. Bailey.) 

Shrubs and trees; leaves mostly opposite, pinnately compound (some are Iri- 
foliolate), stipulate; flowers usually bisexual, actinomorphic, in drooping racemes 
or panicles, 5-merous, the sepals 5, the petals 5, rising from or below the hypogy- 
nous disc; stamens 5, alternating with the petals, distinct, inserted near the outside 
of a large cup-shaped disc, the anthers 2-celled, dehiscing longitudinally; pistil 1, 
the ovary superior, 2-3-Ioculed and -carpelled, the placentation axile, the ovules 
numerous in usually 2 rows on each placenta, anatropous, usually ascending, the 
styles as many as carpels and usually distinct; fruit a membranous often lobed* 
inflated capsule dehiscing apically, infrequently a berry; seeds few, sometimes 
arillate, with a straight embryo and abundant endosperm. 

A family of 6 genera and about 24 species, of temperate regions in the northern 
hemisphere, a few extending into northern South America. Two of the 7 species 
of Sta pity lea are indigenous to the United States, S. tr if alia from Quebec to Georgia 
and west to Minnesota and Oklahoma, and S. Bolanderi of California. This genus 
and Tiirpinia (10 spp.), of Mexico southward, is represented by species in both 
Asia and the Americas. 

The Staphyleaceae were united by Bentham and Hooker with the Sapindaceae, 
but are distinguished from them by the cuplike intrastaminal disc, the more numer- 
ous ovules, the abundant endosperm, and straight embryo. They were included in 
the Celastrales by Wettstein, Rendle, and Bessey, but are placed in the Sapindale« 
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{sensu strictu) by Hutchinson. Hallier transferred them to his Rosales, and believed 
them to be allied to Cunoniaceae and Saxifragaceae. On the basis of cytological 
evidence Foster (1933) concluded them to have had a common origin with the 
Aceraceae. 

The members of the family are of little economic importance. A few species 
of Staphylea, Luscaphis, and Tiirpinia are cultivated domestically for ornament. 

UThhArURh 

Foster, R. C. Chromosome number in Acer and Staphylea Journ. Arnold Arb. 14: 386- 
393, 1933. 

Krause, J. Siaphyleaceae. In Engler and PrantI, Die naturlichen Pflanzenfamilien, ed. 2, 
Bd. 2()b: 255 321, 1942. [Not seen.] 


ICACINACEAE. ICACINA FAMILY 



Fig. 193. IcAciNAcrAH. ViHaresui mucronafa: a, flowering branch, X Vh, b, flower, habit, 
X 3; c, same, vertical section, X 3; d, ovary, vertical section, X 6. (Redrawn from C'urtis’ 
Bot. Mag.) 


Trees or shrubs, often vines (rarely herbaceous); leaves usually alternate, simple, 
often coriaceous, estipulate; flowers bisexual (rarely unisexual by abortion), actino- 
morphic, usually in panicles, the calyx 4-5-lobcd, small, the petals 4-5, usually 
distinct or someiimes connate, valvate; stamens as many as petals and alternate 
with them, distinct, the anthers 2-cclled, usually introrse, \omelimes d-lobcd, de- 
hiscing longitudinally; pistil 1, the ovary superior, 1-lociiled, mostly 3- or 5-car- 
pelled (all except 1 carpel usually lost by suppression or compression), the pla- 
centation apical, the usually 2 ovules pendulous from locale apex, anatropoiis, the 
viyle 1, the stigmas usually 3 (rarely 2 or 5); fruit usually a drupe ( 1 -seeded), 
raicly dry and winged (a samara); seed with straight or curved embryo, the endo- 
sperm usually present. 

A family of pantropical distribution, composed of about 38 genera and 225 
species, and probably more abundant in the southern than in the northern hemi- 
sphcie. None of the genera is represented by species indigenous to the United States, 
although species of 3 gencia extend north into Mexico. 

1 he family is recognized by the woody, often lianous, character, the usually 
altcinalc estipulate leaves, and the 1-loculed 3-5-carpelled ovary with usually 2 
pendulous ovules. 

A few species of Penmintia and Villaresia are cultivated domestically as orna- 
mentals. 

LITER All] RE: 

Engler, A. leacinaceae. In Engler and PrantI, Die naturlichen Pflanzenfamilien, 111(5); 

233 257, 1893. 
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ACERACEAE. MAPLE FAMILY 




Fig. 194. AchRACbAii Acer platanoicies: a, fruiting branch, X Vo; b, inflorescence, X V' 2 ; c, 
flower, habit, X l'/ 2 ; d, same, vertical section, X 2; e, ovary, cioss-section, X 5; f, fiuit. 
X '/ 2 . (From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. 
Copyright 1924 and 1949 by Liberty H. Bailey.) 

Trees or shrubs; leaves opposite, simple with usually palmate venation or pin- 
nately coi^ound, sap often milky, estipulatc; flowers bisexual or more commonly 
unisexual‘^^|he plants monoecious, dioecious, or polygamodioccious), actinomorphic, 
in corymbs, racemes or panicles, the perianth usually biseriate, the sepals 4 5, 
distinct or basally connate, imbricate, the petals 4-5 or none, distinct, imbricate; disc 
U'lUally present (extrastaminal or intrastaminal), usually flat but sometimes lobed 
or divided or reduced to teeth; stamens 4-10, mostly 8, distinct, usually arising from 
edge of disc (rudimentary ovary often present in staminate flowers), the anthers 
2-celled; pistil 1, the ovary superior, 2-loculed and -carpelled, usually compressed 
at right angles to the septum, the placentation axile, the ovules 2 in each loculc, 
orthotropous to anatropous, the styles 2, divergent and distinct or basally connate 
each with a terminal stigma; fruit a samaroid schizocarp splitting into 2 one-winged 
mericarps; seed lacking endosperm. 

A family of 2 genera (Acer, Dipteronia) and about 150 species, with all but 2 
species belonging in Acer. The maples are indigenous mostly to mountainous or 
upland regions of the northern hemisphere, with about 15 species indigenous to the 
United States. Dipteronia, native in central China, differs from Acer in the fruit 
winged around its periphery. 

The Aceraceae are distinguished from related families, notably the Sapindaccae, 
with which they were combined by Bcntham and Hooker, by the leaves opposite 
and usually palmate, the actinomorphic flowers, and th.; fruit a schi/.ocarp or a 
samara. 

Economically the family is important for maple lumber (especially from A. 
saccharuni) , for maple syrup and sugar manufactured from the sap, and for the 
60-odd species cultivated domestically for ornament. 

LITLRATURE’ 

Anoi rson, F and Hubricht, L. The American sugar maples I. Phylogenetic lelation- 
ships, as deduced from a study of leaf variation. Bot. Gaz. 100: 312 323, 1938. 
DtNsiRF.Au. P. and Lafond, A. Intiogression des caracieres de VAter Sacihaiophoruni 
K. Koch et de VAcer nigrum Michx. Contr. Inst. Bot. Univ. Montreal No. 37: 
15 31, 1941. 

Gleason, H. A, The preservation of well-known binomials. Phytologia, 2: 201 21?, 1947. 
Hah, B. a. The floial anatomy of the Aceraceae. PhD. Thesis, Cornell, 1947. 

Kfxler, A. C. Acer Rlahrwn and its varieties. Amer. Midi. Nat. 27: 491 500, 1942. 

Pax, F. Monogiaphie der Gattung Acer. Engler, Bot. Jahrb. 6: 287 374, 1885; op cit. 
1: 177 263, 1885 86; (Nachtrage) op. cit. 1 1 : 72 83, 1889. 

.Aceraceae. In Engler, Das Pflanzenreich, 8 (IV. 163): 1 89, 1902. 

Rousseau, J. H'Stoire de la nomenclature de YAcer saccharophorum K. Koch (A. sac- 
charum Marshall) depuis 1753. Contr. Inst. Bot. Umv. Montreal, 1940. 
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HIPPOCASTANACEAE.*^‘ HORSE-CHESTNUT FAMILY 



FIr. 195. HiPPOCASTANACLAh. Aesculus Hippocastamim: a, twig with leaf and inflorescence, 
X Vio; b, flower, X I; c, same, vertical section, X 1; d, ovary, vertical section, X 2; e, 
ovary, cross-section, X 4; f, fruit, X ‘/i. (From L. H. Bailey, Manuat of cultivated plants. 
The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Trees or shrubs; leaves opposite, palmately compound with 3-9 leaffifts, estipu- 
late; flowers bisexual (sometimes the upper ones unisexual and staminate), zygo- 
morphic, in terminal thyrses, the sepals 4 5, basally connate (distinct in Billia), 
imbricate, the petals 4-5, distinct, unequal, clawed; extrastaminal disc present, often 
1 -sided; stamens 5-9, distinct, hypogynous, the anthers 2-celled, dehiscing longi- 
tudinally; pistil 1, the ovary superior, 3-loculcd and -carpelled, the placentation 
axile, the ovules 2 in each loculc, the style and stigma 1; fruit a usually 1-loculed 
1 -seeded leathery loculicidal capsule whose husk dehisces by 3 valves; seeds large 
and nonarillate, the embryo curved and endosperm absent. 

A family of 2 genera {AcmuIhs, Bilim) and perhaps 24 species, native mostly in 
North and South America. About 5 species of Aesculus arc indigenous to the 
United ^States where the genus is of widespread distribution. The evergreen Billia 
(2 spp.) is indigenous from Colombia north into Mexico. 

The Hippocastanaceae are included in the Sapindaceae by many authors (includ- 
ing Hallier and Hutchinson), from which they differ in the palmately compound 
leaves, the large flowered thyrse, and the leathery capsule with a very large usually 
solitary seed. Its distinction from the Sapindaceae has been strengthened by the 
removal of the monotypic Chinese Bretschneiilem (included in Hippocastanaceae 
by Pax et al.) as a separate family, Breitschneideraceae, which is presumed to be of 
close affinity with the Moringaceae. 

Economically the family is perhaps most important for the horse-chestnut tree 
(Aesculus Hippocastanum), a native of northern Greece, and cultivated throughout 
temperate parts of the world as an ornamental. Several of the American species 
of buckeye (A. glahra, parvi flora, and calif ornica) also are grown as ornamentals. 
Hybrids are produced readily within the genus. 

LITERATURE: 

Bush, B. F. Notes on Aesculus species. Amer. Midi. Nat. 12: 19-26, 1930. 

Hoar, C. S. Chromosome studies in Aesculus, Bot. Gaz. 84: 156-170, 1927. 

Pax, F. Hippocastanaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, 
111(5): 273 276, 1895. 

Wiggins, I. L. The lower California buckeye, Aesculus Parryi A. Gray. Amer. Journ. 
Bot. 19: 406 410, 1932. 

The name Hippocastanaceae (Torrey and Gray, 1838), antedated by Paviaceae 
Horaninov (1834) and Aesculaceae Lindl. (1836), has been proposed (1945) for con- 
servation. 
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SAPINDACEAE/^*^ SOAPBERRY FAMILY 



Fifj. 196. SAPiNDACi'Ah. Koelreuteria paniculaia: a. floweiing branch. X ‘lo; b, peifcct 
flower, vertical section, X 2; c, same, habit, X 1; d, staminate flower, X 1; e, ovary, cross- 
section, X 10; f, capsule, X Vi. (From L. H. Bailey, Manual of cultivated plants. The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Trees or (shrubs, or sometimes tendril-producing vines, rarely herbs; leaves usually 
alternat#djbiple or more commonly pinnately compound, stipulate only in climbing 
species; flowers bisexual or unisexual (polygamodioecism the usual condition, the 
apparently bisexual flowers generally unisexual in function), actmomorphic or 
commonly zygomorphic, minute, in racemose to paniculate unilateral cymes, the 
sepals usually 5, and distinct (in actinomorphic flowers seemingly 4 by coimation 
and then a,ssociated with a loss of 1 petal in the corolla), mostly imbricate, the 
petals 5 or absent (except as noted above), distinct, equal or unequal, often with 
scaly or hair-tufted nectaries on lower inner side, imbricate; exlrastaminal disc 
present and glandular; stamens typically 10 in 2 whorls of 5 each (often reduced to 
8, 5, or 4) are rarely many, arising from inside the disc, distinct, often hairy, the 
anthers 2-celled, pistillode pre,sent in staminate flowers; pistil 1, the ovary superior, 
usually 3-loculed and -carpelled (rarely the locule number 1, 2, or 4), the placenta- 
tion mostly axile (sometimes parietal), the ovules 1-2 on each placenta, ascending, 
the style mostly 1 (rarely 2-4) and 1-3 lobed; fruit very variable as to type; seed 
often arillate, the embryo mostly curved, endosperm wanting. 

A family of 130 genera and about 1 100 species, primarily pantropical in distribu- 
tion and abundant in Asia and America. One tree {Sapindus Saponaria, the 
U. S. element sometimes distinguished as S. Dnimmondii) extends from the Ameri- 
can tropics as far north as Kansas, and a shrub (Dodonaea viscosa) extends into 
Arizona. In the southern extremities of Florida there occurs a single species each 
of Talisia, lixothea, Hypolate, and CupanUi, these representing outlying stations of 
West Indian representatives. The ubiquitous tropical American balloon vine {Car- 
diospernuim Halicacahum) is naturalized as far north as Delaware and west to 
Kansas. Among the large genera of the family are the lianous Serjania and Paullinia 
with about 350 species each, and Citpania with about 35 species of mostly timber- 
producing trees. 

The Sapindaceae are characterized by the usually pinnate leaves, the springlike 
circinately coiled tendrils of lianous genera, the small usually polygamodioecious 
flowers, the scale- or gland-appendaged petals, the unilateral extrastaminal disc, the 
typically tricarpellate ovary, and the usually arillate seed. 

The members of the family are of minor domestic economic importance. Trees 
of the varnish tree {Koelreuteria paniculaia) and the shrub Xanthoceras sorbifolia 
are cultivated as hardy ornamentals. In warmer regions the lychee (Litchi chinensis) 
is a tree much prized for the soft fleshy edible aril of its seed and for the seeds 
themselves (edible when roasted). Ornamentals in warm regions include the longan 

name Sapindaceae has been conserved over other names for this family. 
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(Euphoria), Spanish lime or genip (Melicocca), Mexican buckeye (Ungnadia), 
and soapberry (Sapindus). 

LITERATURE: 

Radlkofer, L. Sapmdaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, 
III(5): 211 366, 1895. 

. Sapindaceae. In En^j^r, Das Pflanzenreich, 98a-h (IV. 165. I-VllI): 1-1539, 

1931-1934. P 

SABIACEAE.'^" SABIA FAMILY 




Fig. 197. Sabiaceae. Meliosma mynantha: a, (lowering branch; X b, flower, habit, 
X 12; c, same, vertical section, X 12; d, stamen, undehisced, X 15, e, same, dehisced, X 
15; f, ovary cross-section, X 25; g, fruit, X 5. 

Trees, shrubs, or vines; leaves alternate, simple or pinnate, estipulate; flowers 
usually bisexual (sometimes the plants polygamodioecious), zygomorphic, often 
in panicles, the sepals 3-5, distinct or basally connate, imbricate, the petals 4-5, 
sometimes basally connate, the outer ones often broad and imbricate, with the inner 
2 much reduced; annular disc small; stamens 3-5, distinct, opposite petals or oppo- 
site only the outer ones, free or adnate to petals, all or only 2 fertile (remainder 
reduced to staminodes), the anthers 2-celled, the connective usually thickened; 
pistil 1, the ovary superior, 2-locuIed and -carpelled (derived from a 3-carpellate 
condition yet typical of some members), the placentation axile, the ovules usually 
2 on each placenta, pendulous horizontal or ascending, semianatropous, the styles 
2 but often connate, the stigmas or stigmatic tips 2; fruit a berry, sometimes dry and 
leathery; seed with large embryo, the endosperm scant or none. 

A family of 4 genera (Sabia, Meliosma, Ophiocaryon, Phoxanthus) and about 
90 species, mostly of tropical eastern Asia, but Meliosma (60 spp.) is occasional 
throughout the tropics, and in this hemisphere extends northward into Mexico 
(4 spp.). 

The family is distinguished by the combination of 4-5-merous flowers whose 
stamens are opposite the petals and with often a thickened connective between or 
beneath the anther cells. Phylogenists are agreed that it is closely allied to the 
Sapindaceae. 

Species of Meliosma are cultivated as ornamental trees in the warmer parts of 
this country. 

LITERATURE: 

Warburg, O. Sabiaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, III(5): 

367-374, 1895. 

133 The name Sabiaceae has been conserved over other names (as Millingtoniaceae) 
for this family. 
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MELIANTHACEAE. MELIANTHUS FAMILY 



k< g. 198. Melianthaceae. A, Melidnthus major: Aa, inflorescence, X Va and leaf, X Vs; 
Ab flower, X 1; Ac, same, vertical section, X 2; Ad, pistil, X I/ 2 ; Ae, ovary, cross-section, 
X 6; Af, fruit, X 1. B, Greyia Sutherlandu: flowering branch, X Vi. (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty H. Bailey.) 

Trees, or infrequently suffrutescent herbs; leaves alternate, pinnately com- 

pound or imiquently simple, stipules intrapetiolar; flowers bisexual or bisexual 
with also staminate and pistillate flowers dioeciously disposed, zygomorphic, in 
terminal or axillary racemes, the pedicels twisting 180° by time of anthesis, the 
sepals 5 or 4 by connation, distinct or basally connate, unequal, imbricate, the petals 
4-5, distinct, clawed, unequal, imbricate; disc present, extrastaminal, crescent- 
shaped or annular with 10 projections; stamens 4-5, or 10, distinct or shortly basally 
connate, alternating with petals, often declinate, the anthers 2-celled, dehiscing 
longitudinally; pistil 1, the ovary superior, 4-5-loculed, and -carpelled (1-loculed 
with 5 parietal placentae in Greyia), usually deeply lobed, the placentation axile, 
the ovules 1-several on each placenta, erect or pendulous, anatropous, the style 1, 
the stigma 4-5-lobed (sometimes truncate, capitate, or toothed); fruit a loculicidal 
or apically dehiscing capsule; seeds sometimes arillate, the embryo straight, endo- 
sperm present. 

A family of 2-3 genera (Melianthus, Greyia,^^^ Bersama) and 38 species, all 
African. 

The Melianthaceae were considered by Bentham and Hooker and by Hallier to be 
a part of the Sapindaceae, from which they differ in the flowers turning halfway 
around before anthesis, in the stamens often basally connate and typically 4, and 
in the seeds with copious endosperm. 

Three species of the evergreen honey bush {Melianthus) and one of Greyia are 
cultivated domestically in warm regions as decorative shrubs and trees. 

LITERATURE: 

Gurke, M. Melianthaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, 
111(5): 374-383, 1895. 

BALSAMINACEAE. BALSAM FAMILY 

Herbaceous plants (sometimes aquatics) or suffrutescent, often somewhat succu- 
lent, rarely epiphytic; leaves alternate, opposite, or in whorls of 3’s, simple, usually 
estipulate; flowers bisexual, zygomorphic, solitary or several together on axillary 

Hutchinson (1926) segregated Greyia (3 spp.) as a distinct and new family 
(Greyiaceae) on the basis of the leaves simple, stipules absent, and the ovary 1- 
loculed with 5 intrusive parietal placentae. He transferred it from the Sapindales to th? 
Cunoniales (near Escalloniaceae). This change leaves the Melianthaceae a much more 
natural taxon. 
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peduncles, often resupinate, spurred, nodding, pentamerous, the calyx zygomorphic, 
the sepals 3-5, imbricate, often petaloid, the posterior very large and saclike and 
gradually prolonged backward into a tubular nectiferous spur, the petals 5, alter- 
nate with the sepals, distinct or connate and appearing as if 3, the lower ones larger 
than the upper ones; stamens 5, hypogynous, syngenesious or nearly so, the fila- 
ments flattened and closely covering the ovary (and often the style) like a hood 
or sheath, the anthers 2-celled, coherent to connate; pistil 1, the ovary superior, 
5-loculed and -carpelled, the placentation axile, the ovules 3 to many on each 
placenta, anatropous, pendulous, the style 1, short or obsolete, the stigmas 1-5; 
fruit a fleshy 5-valved capsule, explosively dehiscing; the valves coil elastically, and 
on splitting the tension forcibly distributes the seeds; sometimes the fruit a berry; 
seeds with straight embryo and no endosperm. 



Fig. 199. Balsaminaceae. Impatiens glandulifera: a, flowering branch, X b, flower, X 
Vi; c, same, vertical section, X V 2 ; d, flower less perianth, X 2; e, same, vertical section, 
X 2; f, ovary, cross-section, X 5; g, undehisced capsule, X V 2 . (st stamen, p pistil.) (From 
L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 
1924 and 1949 by Liberty H. Bailey.) 

A family of 2 genera {Impatiens, Hydrocera) and about 450 species of which 
about 420 belong to Impatiens. The family is widely distributed but is most abun- 
dant in the tropics of Asia and Africa. In the New World it is absent from South 
America, and only 2 species of Impatiens are indigenous to the United States, 
both in the eastern half. 

The family is best distinguished from allied taxa by the peculiar androecial 
situation, especially by the coherence or connation of the anthers about the ovary 
and stigma; the elastic dehiscence of the usually succulent capsule is also distinc- 
tive. The nectiferous spur of the flower has caused some botanists to ally the family 
with or close to the Geraniaceae or Tropaeolaceae, but in the Balsaminaceae it is 
strictly an outgrowth of the calyx, whereas in the former there is evidence that 
receptacular tissues are involved in the spur formation. Most phylogenists (except 
Wettstein) have in the past treated the family as a member of the Geraniales 
(Gruinales), but most current opinions (except Hutchinson’s) do not concur. 

Economically the members of the family are of little importance. Several species 
of Impatiens are cultivated domestically as ornamentals, notably the garden 
balsam (/. Balsamina), and the Himalayan balsam (7. glandulifera, of which the 
name /. Roy lei is a synonym). 

LITERATURE: 

Carroll, F. B. The development of the chasmogamous and the cleistogamous flowers of 
Impatiens fulva. Contrib. Bot. Lab. Univ. Pennsylvania, 4: 144-184, 1920. 
Rydberg, P. A. Balsaminaceae. North Amer. Flora, 25: 93-96, 1910. 

Warburg, O. and Reiche, K. Balsaminaceae. In Engler and PrantI, Die natiirlichen 
Pflanzenfamilien, 111(5): 383-392, 1895. 
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Order 28. RHAMNALES 

Usually woody plants, the flowers often unisexual and/or apetalous, differing 
from the Geraniales and the Sapindales in the stamens in a single whorl, as many 
as the sepals and alternating with them (opposite the petals); the ovary usually 
with 1-2 ascending ovules. The order is distinguished from the polypetalous orders 
that follow in the low stamen number and the presence of a disc surrounding or 
subtending the ovary. 

Two families compose the order: Rhamnaceae and Vitaceae. These families 
were included within the Celastrales by Bessey (Celastrineae of Engler), but have 
been accepted as a separate order by Wettstein, Rendle, and Hallier, each of whom 
restricted it to these 2 taxa, and who indicated affinities with the Rosales. Hutchin- 
son also accepted the order Rhamnales, but included in it these families plus the 
Elaeagnaceae and the Heteropyxidaccae, and treated the order as closely allied to 
the Celastrales. 


RHAMNACEAE.^"*^ BUCKTHORN FAMILY 



Fig. 200. Rhamnaceae. A, Ceanothus americaniis: Aa, flowering branch, X 1 / 2 ; Ab, flower, 
X 4; Ac same, vertical section, X 5; Ad, ovary, cross-section, X 10. B, Rhammts cath- 
artica: fruiting branch, X V 2 . C, Ziziphus Jujuha: twig with fruit, X Vz. (Prom L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty H. Bailey.) 

Trees or shrubs, erect or climbing (by hooks, tendrils, or twining stems), rarely 
herbs, sometimes suffrutescent; leaves mostly alternate, simple, usually stipulate: 
flowers bisexual (rarely unisexual and the plants then mostly monoecious), actino- 
morphic, small and greenish, mostly in axillary corymbs or cymose inflorescences, 
perigynous, a hypanthium usually present, the sepals 5 (rarely 4), the lobes valvate, 
the petals of same number as sepal lobes (occasionally absent) and alternate with 
them, often concave, frequently clawed; stamens as many as petals and opposite 
them, enclosed by the petals on emergence, arising from outside an intrastaminal 
disc that lines or rims the hypanthium, the anthers 2-celled, dehiscing longitudinally; 
pistil 1, the ovary superior (or seemingly inferior by adnation to it of the intra- 
staminal disc), 2-4-loculed and -carpelled, the placentation basal, the ovules 1 
(rarely 2) in each locule, anatropous, the style 1 or 2; fruit a berry (drupaceous), 
capsule, or rarely samaroid; seeds with embryo large and straight, the endosperm 
copious or scant. 

^30 The name Rhamnaceae R. Br. (1827) is conserved oypr Prangulaceae DC. (1805) 
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A family of almost cosmopolitan distribution, composed of about 45 genera and 
550 species. Rhamnus, the largest genus with perhaps 90 species, is represented by 
12 species indigenous to the United States. Other genera having indigenous species 
include Ceanothus (83-69) best represented in the west, but with 4 species in the 
east, Berchemia (10-1), Krugiodenclron (1-1), Reynosia (9-1), Coliibrina (15-5), 
Couania (40-1), and Sageretia (10-2) exclusively or predominately in the south- 
west, while in the southwest and west are also species of Condalia (12-5) and 
Adolphia (2-1). 

The Rhamnaceae are distinguished by the simple unlobed leaves, the markedly 
perigynous flowers, the stamens opposite the usually strongly concave petals, and 
the basal ovules. 

Species belonging to about 16 genera are cultivated in this country as orna- 
mentals. Notable amonf them are buckthorns { Rhamnus) ^ tea bush (Ceanothus), 
jujube (Zizyphus), supplejack (Berchemia), raisin tree (Hovenia), Jerusalem thorn 
(Paliurus), and spec es of Pomaderris, Reynosia, Noltea, and Spvridium. The fruits 
of the jujube are edible and tasty. The purgative known as cascara sagrada is 
obtained from the Californian Rhamnus Purshiana, 
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VITACEAE.'^« GRAPE FAMILY 

Mostly climbing shrubs with tendrils (stem growth sympodial; the tendril repre- 
sents the main axis that has been subordinated by the more vigorous growth of the 
axillary branch in the opposing leaf axil); seldom erect shrubs or small trees, the 
nodes often swollen or jointed; leaves alternate (the lower ones sometimes oppo- 
s.te), simple or pinnately or palmately compound, pellucid punctate dots frequently 
present, the stipules petiolar or none; flowers minute, bisexual or unisexual (the 
plants then usually monoecious), actinomorphic, numerous in cymose inflorescences 
arising opposite a leaf, the sepals 4-5 (rarely 3-7), distinct or basally connate, the 
petals of same number as sepals, minute or obsolete, flat, distinct (connate in 
Leea) or (as in Vitis) apically connate, separating from each other at the base, and 
the corolla early deciduous as a cap; disc evident, annular or lobed; stamens as 
many as petals and opposite them, somewhat perigynous, arising from base of disc, 
the anthers distinct or connate, 2-celled, dehiscing longitudinally; pistil 1, the ovary 

*-*^’The name Vitaccae Lindl. (1836) has been proposed for conservation (cf. Rehder, 
Journ. Arnold Arb. 26: 278, 1945) and is antedated by several little-known names. Some 
authors (incl. Hutchinson) have accepted the name Ampelidaceae Lowe (1868) for the 
family, a name based on Ampelideae Kunth (1821). 
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superior, 2- (rarely 3-6-) loculed and -carpelled, the placentation axile, the ovules 
1-2 on each placenta, anatropous, the style 1 and short, the stigma discoid or 
capitate; fruit a berry; seeds with straight embryo and copious endosperm. 

A family of 11 genera and about 600 species, widely distributed in the tropics 
and subtropics with ranges extending into the north and south temperate regions. 
Cissus, the largest genus, has about 300 species, almost wholly in the tropics and 
southern hemisphere. The family is represented in the United States by indigenous 
species of Vitis (50-30) with 2 species on the west coast and the others mainly in 
the south and east, Cissus (300-4) and Ampelopsis (15-2) mostly in the southeast, 
and Parthenocissus (10-2) of the eastern part of the country. 



Fig. 201. ViiACLAh. A, Vitis ripana: Aa, fruiting bianch, X Vq\ Ab, bud opening, X 8; 
Ac, pistillate flower, X 5; Ad, staminatc flower, X 5. B, Patthenoemus tncuspidata. Ba, 
sterile branch, X >4; Bb, stem with disc-tipped tendrils, X 1. (From L. H. Bailey, Manual 
of cultivated plants. The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 

The Vitaceae are characterized by the climbing habit, the terminal buds develop- 
ing into apparently lateral tendrils, the inflorescences opposite a leaf at the node, 
the few stamens opposite the petals, the usually 2-loculed ovary with axile placenta- 
tion, the capitate or discoid stigma, and the fruit a berry. 

Economically the family is most important for the wine grape {Vitis vinifera) 
and for other species grown extensively for their edible fruit from which are 
obtained wines and raisins. The Boston ivy (Parthenocissus tricuspidata) and Vir- 
ginia creeper {P. quinque folia) are cultivated as ornamental vines prized for suita- 
bility for growing on stone or masonry walls. Several species Ox*^ Cissus are cultivated 
as desirable house plants. 
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Order 29. MALVALES 


Predominantly woody plants of generally pantropical and subtropical distribution, 
frequently stellate-pubescent, and tissues often mucilage-producing; characterized 
by the usually bisexual and actinomorphic cyclic flowers with mostly pentamerous 
perianths, the calyx valvate, and the stamens usually numerous (or in more than 
1 whorl), the ovary multicarpellate, placentation usually axile and derived from a 
parietal condition (by deep intrusion of placentae) still encountered in some mem- 
bers (see Tiliaceae).'^® 

The order was treated by Engler and Diels to be composed of the following 4 
suborders and 8 families (family names preceded by an asterisk are not treated in 
this text): 


Elaeocarpineae 

Elaeocarpaceae 

Chlaeneae 

♦Chlaeriaceae 


Malvineae 

Tiliaceae 

Malvaceae 

Bombacaceae 

Sterculiaceae 


Scytopetalineae 

♦Scytopetalaceae 


Most phylogenists have followed Eichler’s concept of the order as adopted by 
Engler. Hutchinson, however, restricted the Mai vales to include only the Malvaceae, 
and placed the Tiliaceae, Bombacaceae, and Sterculiaceae in a new order, the 
Tiliales (the Elaeocarpaceae were included by him in the Tiliaceae). Of the 2, the 
Malvales were consideied by him to be the more advanced and to represent “a 
fixed type of the Tiliales, and whence little or no further evolution has proceeded.” 
Bessey expanded Eichler’s concept of Malvales to include also the Balanopsidaceae, 
Ulmaceae, Moraceae, and Urticaceae. 


ELAEOCARPACEAE. ELAEOCARPUS FAMILY 



Fig. 202. ELAhocARPACEAE. Mimtingia Calabura: a, flowering branch, X V^; b, flower, 
X 1; c, same, vertical section, X IVi; d, ovary, cross-section, X 3; e, same, vertical section, 
X 6; f, fruit, X 1. 


Trees or shrubs; leaves simple, entire, alternate, or opposite, stipulate, slime cells 
lacking; flowers usually bisexual, actinomorphic, in racemes, panicles, or dichasia, 
hypogynous, lacking any involucre, perianth biseriate, the sepals 4-5, distinct or 
connate, valvate, the petals 4-5 or often none, distinct (rarely basally connate), 
often incised or hairy, usually valvate; stamens many, distinct, arising from a disc, 

^•^’^This order was first named Columniferae by Eichler, a name adopted by Wett- 
stein, and modified by Hallier to Columniferes. 

138 Phylogenetic considerations of these taxa were presented by Edlin (New Phytolo- 
gist, 34: 1-20, 122 143, 1935). For critical notes, see also op. at. 35: 93, 1936. 
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BOMBACACEAE. BOMBAX FAMILY 



Fig. 205. Bombacaceae Ceiha pentamira' a, inflorescence, X '4; b, flowei*. X 1 and leaf, 
X ^4; c, flower, perianth partially excised, X 1; d, same, stamens removed in part, X 1; 
c, fruit, X Vi (From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 
1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Trees, the trunks often tall and unusually thick: leaves alternate, simple or 
palmately compound, deciduous, often with slime cells and the vesture of stellate 
hairs or peltate scales (lepidote), stipules caducous; flowers bisexual, large and 
showy, commonly bracteate, often appearing before the leaves, actinomorphic 
(rarely slightly zygomorphic), solitary or fasciculate in leaf axils or situated oppo- 
site a leaf, the perianth sometimes subtended by an involucre, the sepals 5, distinct 
or basally connate, valvate, the petals 5 or occasionally absent, contorted in bud; 
stamens 5-many, distinct or monadelphous, the anthers often I -celled, dehiscing 
longitudinally, the pollen grains smooth; staminodes often present; pistil 1, the 
ovary superior, 2-5-loculed and -carpelled, the placentation axile, the ovules 2 or 
more in each locule, erect, anatropous, the style 1, capitate or lobed, the stigmas 
1-5; fruit a loculicidal capsule (sometimes an indehiscent pod) or berrylike; seed 
smooth, sometimes embedded in a pithlike tissue or in a woolly proliferation of 
the pericarp, occasionally arillate, the endosperm scant to abrent. 

A tropical, and primarily American, family of 22 genera and 140 species, none 
of which is indigenous to the United States. The larger genera include Bomhax 
(60 spp.), Ceiba (20 spp.), Durio (15 spp.), and Adansonia ( 10 spp.). 

The family is closely allied to the Malvaceae and the Sterculiaceae, from which 
it is distinguished by the smooth pollen grains, and the pericarp of the fruit (pithv 
to woolly). Staminodes are more common here than in either of the other 2 
families. 

Economically the family is important as the source of kapok (fruits of Ceiha), 
and balsa wood (Ochroma) . Species of a few genera are cultivated for ornament 
in the warmer parts of this country, notably of the baobab tree (Adansonia), 
the cotton tree (Bomhax), the guinea chestnut (Pachira), and the Brazilian floss- 
silk tree (Chorisia). 
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STERCULIACEAE/^^^ 


STERCULIA FAMILY 



Elg. 206. SitRCULiACEAE. A, Theohroma Cacao: Aa, trunk with fruits and leafy branches, 
much reduced: Ab, flower, X 2: Ac, same, vertical section, ' 2; Ad, ovaiy, cross-section, 
X 8. B, Maherma verticillata: flowering branch, X 1. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. 
Bailey.) 

Trees, shrubs (sometimes lianous), or herbs; leaves alternate, simple, entire, or 
infrequently palmately lobed or compound, vesture often stellate, stipules caducous; 
flowers generally bisexual (unisexual and the plants monoecious in StercuUa and 
Cola), actinomorphic or less often zygomorphic, pentamerous, usually axillary in 
various inflorescence types and often cauliflorous, the perianth often uniseriate, the 
sepals 3-5, basally connate, valvate, the petals small and reduced or lacking, 
hypogynous, sometimes adnate to base of androccium, contorted in bud; stamens 
in 2 whorls monadelphously connate into a single tube or all distinct, those of the 
outer whorl reduced to staminodes or wanting, the anthers 2-celIed, dehiscing 
longitudinally, rarely cohering apically; pistil 1, the ovary superior, 4-5-loculed and 
-carpciled (rarely the locules 10-12), the placcntation axile, the ovules 2-several in 
each locule, ascending or horizontal, anatropous, the styles as many as carpels and 
distinct or more commonly variously connate; fruit leathery or fleshy (rarely 
woody), dehiscent or indchiscent, sometimes the carpels splitting into cocci; seed 
with straight or curved embryo and abundant endosperm. 

A pantropical and subtropical family of about 50 genera and 750 species, with 
7 genera represented by species indigenous in the southern belt of the country from 
Florida to California. Ayenia ( 10-4) is domestically the most widespread, occurring 
in arid areas over much of the south. In the southeast also are Melochia {Moluc/iia, 
Riedlea) (50-3), and Waltherki (35-1 ), the latter extending westward into Arizona. 
Henminnia (150-1), primarily an African genus, extends northward from Mexico 
into Arizona. The monotypic Fremontodendron {Fremontia) occurs from central 
Arizona to California and southward. 

The family is distinguished by the usually monadelphous stamens that differ from 
those of the Malvaceae in being 2-celled, and is separated from the allied Bomba- 
caceae by the seeds with copious endosperm, the absence of a pithy or woolly 
pericarp, and the androecium of typically 5 fertile stamens alternated with as many 
staminodes. 

Economically the family is important as the source of cacao or chocolate pro- 
duced from the fermented seeds (beans) of the tropical American tree (Theohroma 
Cacao). Species of a few genera are cultivated domestically in warm regions as 
ornamentals, notably of the bottle tree (Brachy chiton), the African cola (Cola), 
Dombeya (Domheya), Chinese parasol tree (Firmiana), flannelbush (Fremonto- 
dendron), honey bell (Mahernia), Sterculia (StercuUa), and Thomasia (Thomasia). 

The name Sterculiaceae Lindl. (1830) is conserved over Buttneriaceae R. Br. (1814) 
and “Buettneriaceae” of authors. 
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Order 30. PARIETALES 

A large order whose families are characterized in general by the flowers having 
a usually biseriate and pentamerous perianth with the calyx imbricated, the 
corolla usually present, the stamens as many as the petals or more, the ovary 
commonly of 3 carpels and unilocular with parietal placentation and numerous 
ovules, and endosperm usually present. Available evidence indicates that the order 
is not a phylogenetic taxon, and the realignment of the families into several orders 
is to be expected. In some instances this may result in transfer of families to 
existing orders and in others in the establishment of new orders. Indications of 
evidence in support of these realignments are to be found in the discussion given 
below and under the families concerned. ' ' 

The Parietales were subdivided by Engler and Diels into 10 suborders, and 
treated as composed of 31 families, as follows (names of families not treated in 
this text are preceded by an asterisk): 


Theineae 

Dilleniaceae 

Actinidiaceae 

Eucryphiaceae 

♦Medusagynaceae 

Ochnaceae 

♦Strasburgeriaceae 

♦Caryocaraceae 

♦Marcgraviaceae 

♦Quiinaceae 

Theaceae 

Guttiferae 

(Hypericaceae) 

*Dipterocarpaceae 


Tamaricineae 

Elatinaceae 

Frankeniaceae 

Tamaricaceae 

Cistineae 

Cistaceac 

Bixaceae 

Cochlospermineae 

Cochlospermaceae 

Flacourtiineae 

Canellaceae 

Violaceae 

Flacourtiaceae 

Stachyuraceae 


rurneraceae 

♦Malesherbiaceae 

Passifloraceae 

♦Achariaceae 

Papayineae 

Caricaceae 

Loasineae 

Loasaceae 

Datiscineae 

Datiscaceae 

Begoniineae 

Begoniaceae 

Ancistrocladineae 

♦Ancistrocladaceae 


Bessey placed the last 3 suborders in his Loasales, the Tamaricineae in his Caryo- 
phyllales, the Dilleniaceae (including Actinidiaceae) in the Ranales, and the re- 
mainder in his Guttiferales. Wettstein followed the Engler pattern in general, but 
segregated the Theineae as the Guttiferales and included the Canellaceae in his 
Polycarpicae (Magnoliales). Rendle followed most of Wettstein’s treatment, but 
retained the Canellaceae within the Parietales and transferred the Datiscaceae and 
Begoniaceae into the Peponiferae (Cucurbitales) with the Cucurbitaceae. Hallier 
placed all the Theineae and Tamaricineae in his Guttales (together with many other 
families as shown in Fig. 14) except the Dilleniaceae (in his Ranales) and the 
Actinidiaceae (included in the Clethraceae); the Canellaceae he allied (as did 
Wettstein) with the magnoliaceous families, the Violaceae with the Polygales, the 
Datiscaceae and Begoniaceae with the Peponiferae, and the Flacourtiaceae, Turner- 
aceae, Passifloraceae, and Caricaceae in his Passionales. Hutchinson distributed the 
families among 10 different orders (as indicated under each family) which were 
not the equivalent of any of Engler’s suborders. 
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DILLENIACEAE.*^"* DILLENIA FAMILY 



Fig. 207. DiLLtNiACEAE. Dillenia indica: a, flowering branch, X b, flower, habit, X Ys; 
c, same, vertical section (perianth partially excised), X Vi; d, flower bud, X Vi. (Redrawn 
from Baillon.) 


Trees or shrubs, sometimes lianous, rarely herbaceous; leaves alternate, simple, 
venation seemingly parallel, the stipules caducous, alate and adnate to petiole or 
lacking; flowers bisexual or unisexual (the plants then dioecious or less commonly 
monoecious), rarely large and showy, actinomorphic, the sepals 5, imbricate, per- 
sistent, the petals 5 or fewer, imbricate, often crumpled in bud; stamens numerous, 
distinct or variously basally fasciculate, hypogynous, mostly persistent, the anthers 
2-celled, dehiscing by apical pores or longitudinally; gynoecium usually of several 
distinct pistils (rarely 1), the ovary superior, 1-locuIed and -carpelled, the placenta- 
lion parietal but sometimes appearing basal, the ovules 1 or more, each with 2 
integuments, erect, the styles as many as pistils, distinct; fruit a follicle or berrylike; 
seeds with copious fleshy endosperm, the embryo minute, the pericarp usually 
provided with a more or less lacerated aril. 

As circumscribed above (the Actinidiaceae treated as a separate family), the 
Dillcniaceae are composed of 11 genera and 275 species, mostly of Australasia and 
tiopical America. None is represented by species indigenous to the United States 
although species of Tetracera (35 spp.), Davilla (35 spp.), and Curatella (2 spp.) 
extend northward into Mexico. Hihbertia of Australia, the largest genus, has about 
110 species. Other genera include DoUocarpus (20 spp.), Dillenia (20 spp.), and 
Wormia (35 spp.). 

The Dilleniaceae {sensu strictu) are distinguished by the gynoecium composed of 
separate pistils, the numerous stamens in bundles, the parietal placentation, the 
seeds with endosperm, an aril and a minute straight embryo. It is separated from 
the Actinidiaceae by the character of the stamens (distinct or adnate to the petals 
in Actinidiaceae), the pistils distinct and not connate, the seeds with 2 integuments, 
and the embryo small and not large. Evidence is accumulating to establish the 
family as much more primitive than was allowed by Engler, and it is probable that 
its alliance is with or near the ranalian taxa (as done by Bessey, Hallier, and 
Hutchinson). 

Economically the family is of little domestic importance. A few species of 
Dillenia and Hibbertia (incl. Candollea) are cultivated for ornament in warm parts 
of the country. 
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DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 599 

Gilg, E. Dillcniaceae. In Engler and Pranti, Die natiirlichen Pflanzenfamilien, HI (6): 
100 128, 1895. 

Gilg, E. and Wfrdermann, E. Dilleniaceae. In Engler and Pranti, Die naturlichcn 
Pflanzenfamilien, ed. 2, Bd. 21: 7 -36, 1925. 


ACTINIDIACEAE. ACTINIDIA FAMILY 



Fig. 208. AcTiNiniACEAE. A, Actimdia arguta: Aa, flowering branch (staminate), X Vi; 
Ab, fruit, X Vi. B, A. chinensis: Ba, flowering branch, perfect flower, X Bb, staminate 
flower, X Vi; Be, ovary, cross-section, X 3. (From L. H. Bailey, Mamiui of cultivated 
plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Trees shrubs or woody vines; leaves alternate, simple, estipulate; flowers bisexual 
or unisexual (the plants then dioecious), usually fascicled, cymose, or paniculate, 
the perianth biseriate, pentamerous, imbricate; stamens 10-many, distinct or adnate 
to the base of the petals, hypogynous, the anthers 2-celled, versatile, dehiscing by 
apical pores or longitudinally; pistil 1, the ovary superior, locules and carpels 
3-5 or more (sometimes the septa scarcely meeting at ovary centers), the placenta- 
tion axile, the ovules with a single integument, numerous in each locule, anatropous, 
the styles usually as many as carpels, distinct or connate, generally persistent; fruit 
a berry (dehiscent at full maturity) or leathery capsule; seeds nonarillate, with 
usually large embryos and abundant endosperm. 

A family of 4 primarily tropical genera (Actinidia, Sauraum, Cleinatoclethra, 
Sladenia) and about 285 species, primarily of Asiatic distributions. Sauraum (250 
spp.) is composed of trees and shrubs, and has about one-third of its species in 
the American tropics, with its most northern occurrence here being in Mexico. 
Actinidia, a genus of about 22 species of woody vines, is restricted to the sub- 
tropics and temperate regions of eastern Asia. 

The family, treated by most authors as a component of the Dilleniaceae, was 
recognized by Tieghem as distinct from the latter family as early as 1899, and he 
separated the 2 on the basis of the single multiloculate pistil, the axile placentation, 
the stamens distinct or in fascicles adnate to the base of each petal, the ovules 
with single integuments, and the nonarillate seed containing a usually large embryo. 

Hutchinson recognized this taxon as distinct from the Dilleniaceae, but restricted 
the lianoiis and dioecious Actinidiaceae to the single genus Actinidia and recognized 
the Saurauiaceae as a separate family containing only the genus Saurauia. Hallier 
included both Actinidia and Saurauia within the Clethraceae of the Ericales. Hutch- 
inson placed the Dilleniaceae in his Dilleniales (together with the Crossosoma- 
taceae) and the Actinidiaceae in his Theales. 

Economically the family is of domestic importance for the tara vine (Actinidia 
ar^uta) cultivated (as are other species of the genus) as an ornamental and for its 
exotic edible fruit. Clematoclethra, a hardy vine, is cultivated to a limited extent. 

LITERATURE: 
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EUCRYPHIACEAE. EUCRYPHIA FAMILY 



Fig. 209. Eucryphiaceah. Eucryphia cordifolia: a, flowering branch, X %; b, flower, 
habit, X c, same, vertical section, X 1; d, ovary, cross-section, X 7; e, bud with 
caducous calyptrate calyx, X IVi; f, fruit, X 11/2; g, seed, X 3. 


Evergreen trees or shiubs, often resinous; leaves opposite, simple or pinnately 
compound, stipules minute and connate; flowers bisexual, actinomorphic or nearly 
so, showy white, solitary in axils, the sepals 4, imbricate, cohering at apex and 
separating at base at anthesis, and thus calyptrately deciduous, the petals 4, imbri- 
cate or convolute, distinct; stamens numerous, distinct, hypogynous, arising in many 
whorls from a thin disc that peripherally seemingly is produced into tubular excres- 
cences (staminodes?), the anthers 2-celled, small, dehiscing longitudinally; pistil 1, 
the ovary superior, the locules and carpels 5-12 (rarely to 18), the placentation 
axile, the ovules several in each locule, pendulous, the styles as many as carpels, 
slender; fruit a woody or leathery capsule, the carpels of the ovary separating by 
dehiscence along ventral sutures into distinct follicular units (actually boat-shaped 
valves); seeds winged, compressed, the embryo embedded in the endosperm. 

A unigeneric family {Eucryphia, with 4 spp.) indigenous to Chile and Australia. 
Three species {E. glutinosa) and 2 hybrids are cultivated domestically as half- 
hardy small trees. 

The family is of interest because of its disjunctive distribution. Hallier included 
it within the Theaceae and considered it to have been derived from the Malvales. 
Wettstein accepted it as a distinct family, allied to both the Dilleniaceae and Och- 
naceac. Hutchinson treated it as an intermediate member of his Guttiferales, an 
order he interpreted as an advanced hypogynous type of Theales. 

LITERATURE: 

FocKh, W. O. Eucryphiaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, 
111 (6): 129 131, 1895. 

Gilg, E. Eucryphiaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, 
Bd. 21: 47-50, 1925. 


OCHNACEAE. OCHNA FAMILY 


Trees or shrubs, rarely herbaceous; leaves alternate, simple (rarely pinnately 
compound), leathery, stipulate; flowers bisexual, usually actinomorphic, in panicles 
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racemes or cymes, the sepals 4-5 (rarely 10), distinct or basally connate, usually 
imbricate, the petals 4-5 (rarely 10), distinct, contorted or imbricate in bud; 
stamens 5, 10 or many, distinct, hypogynous, sometimes with 1-3 series of stam- 
inodes, occasionally borne on an elongated androphore, the anthers 2-celled, basi- 
fixed, each cell dehiscing by a terminal pore or longitudinally; pistil 1, the ovary 
superior, entire or deeply lobed, borne on an enlarged toral disc or gynophore» 
usually 2-5-loculed and -carpelled (rarely 10-15-loculed), the placentation axile 
(rarely parietal and the ovary then 1-locuIed with intrusive placentas), the 
ovules l-many in each locule, erect or rarely pendulous, the style typically 1, the 
stigmas 1-5; fruit baccate and borne usually on an enlarged torus, the carpels sepa- 
rating into distinct fleshy cocci, rarely a capsule; seed with a usually straight 
embryo, the endosperm present or absent. 



Fig. 210. OcHNACEAb. Ochtia multiflora: a, flowering branch, X ’/ 2 ; b, flower, X 1; c, 
stigma, X 5; d, flower, vertical section, X 1; e, ovary, X 4; f, fruiting branch, X >/ 2 . (Prom 
L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 
1924 and 1949 by Liberty H. Bailey.) 

A family of 21 genera and 375 species of pantropical distribution, but especially 
abundant in northeastern South America. The northern limits of the family m the 
New World are in Mexico, where 2 species of Ouratea (200 spp.) are indigenous. 
Other large genera include Ochna (90 spp., all Old World), Sauvagesia (18 spp. 
mostly Brazil) and Luxemhur^ki (12 spp. Brazil). 

The family is distinguished by the stamens distinct and usually 1-3 times the 
number of petals, the single usually deeply lobed ovary, the gynophore, the gen- 
erally poricidal anthers, and the carpels usually separating into baccate cocci in 
fruit. 

Economically the family is of little domestic importance. One species {Ochna 
multi flora) is cultivated as an ornamental to an appreciable extent in warm parts 
of the country. 

LITERATURE: 

Gilg, E. Ochnaceac. In Englcr and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, Bd. 21: 

53-87, 1925. 


THEACEAE.'^^ TEA FAMILY 

Tree or shrubs; leaves alternate, simple, leathery or membranaceous, usually 
persistent, estipulatc; flowers usually bisexual (unisexual and plants dioecious in 
Eurya), actinomorphic, generally solitary in axils or occasionally fasciculate, peri- 

^^•*This family is currently treated in the literature under the names Theaceae and 
Teinstroemiaceae. The latest authority to hold to the lattei name was Rehder (Bibliog- 
raphy of Cultivated Trees and Shrubs, 1949). Correctness of the name Theaceae has 
been set forth by Sprague (Journ. Bot. Lond. 61: 17 19, 83-85, 1923) and challenged 
by Fawcett and Rendle {op. cit. 61: 52, 85-86, 1923). It is probable that the solution 
may lie in the future conservation of one name or the other. 
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anth parts often spirally arranged, frequently subtended by a pair of bracts, the 
sepals 5 (rarely more), distinct, usually persistent, imbricate, the petals 5 (rarely 
4 or more), distinct or very shortly basally connate, contorted or imbricate; 
stamens numerous and rarely i5 or less, distinct, or basally monadelphous or 
fascicled in 5 bundles that are opposite and often basally adnate to the petals, the 
anthers 2-cclled, dehiscing longitudinally (rarely poricidally); pistil 1, the ovary 
superior, sessile, mostly 3-5-loculed and -carpelled, the placentation axile, the 
ovules usually 2-more in each locule (rarely 1), anatropous, the styles as many as 
carpels and distinct to wholly connate; fruit usually a loculicidal capsule (the 
central column often persisting after dehiscence, subligneous, sometimes fleshy and 
indehisceni; seed nonarillate, with a large straight or curved embryo, the endo- 
sperm scant or absent. 



Fig, 211. Theaceae. a. Camellia Sasanqua: flower, X Ys. B, Franklinia alatamaha: Ba, 
flowering branch, X Vi; Bb, flower, vertical section (petals excised), X V 2 \ Be, ovary, 
cross-section, X 1; Bd, capsule, X Vi. (Ba-Bc redrawn from Sargent.) (From L. H. 
Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 
1949 by Liberty H. Bailey.) 

A tropical and subtropical family of about 30 genera and 500 species, of which 
200 species from 10 genera occur in the New World, where 5 genera are endemic. 
A number of genera and species extend into temperate regions; in this country 
are 1 or more indigenous species of Gordonia (32 spp.) north to Virginia, the 
endemic and monotypic Franklinia of southeast Georgia now known only in cul- 
tivation, Stewart ia (including Malachodendron) (6 spp.) of eastern Asia and east- 
ern North America north to Virginia. The larger and mostly Asiatic genera include: 
Eurya (80 spp.), Ternstroemia (135 spp.), Adinandra (70 spp.), and Camellia 
(incl. Thea) (100 spp.). 

The family is distinguished from related families by the several whorls of 
numerous stamens often fasciculate and the bundles adnate to the subtending 
petals, the spiral arrangement of the perianth parts and, in genera where present, 
the involucral bracts that intergrade into the sepals. 

Economically the family is most important for the tea plant of commerce 
(Camellia sinensis). Domestically, many genera contribute significant ornamentals 
of warm climates, notably Camellia, loblolly bay (Gordonia), Franklinia, Stewartia, 
Ternstroemia, C ley era, and Eurya. 

LITERATURE: 

Airy-Shaw, H. K. Notes on the genus Schima and on the classification of the Theaceae- 
Camellioideae. Kew Bull. 1936: 496 -500. 

Diels, L. Theaceae. Engl. Bot. Jahrb. 57: 431-435, 1920-1922. 

Fernald, M. L. Must all rare plants suffer the fate of Franklinia? Journ. Franklin Inst. 
226: 383-397, 1938. 

Jenkins, C. F. The historical background of Franklin’s tree. Pennsylvania Mag. Hist, 
and Biogr. 58: 193-208, 1933. 
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HARPhR, F. and Leeds, A. N. A supplementary chapter on Franklinia alatamaha. Bar- 
tonia, 19: 1 13, 1938. 

Melchoir, H. Theaceae. In Engler and Prantl, Die natiirlichen Pflanzenfamilien, ed. 2, 
Bd. 21: 109 -154, 1925. 

Record, S. J. American woods of the family Theaceae. Trop. Woods, 70: 23 33, 1942. 
Sprague, T. A. The correct spelling of certain generic names. Kew Bull. 1928: 362 363. 
IStewariia vs. Stuartia 1 

For revisionary treatments of Asiatic and tropical American genera, see Kobuski, 
C. E. Studies in Theaceae, 1 XIX. Journ. Arnold. Arb. 1935-50. 


GUTTIFERAE.'^" GARCINIA FAMILY 



Fig. 212. Guitiferae. Garcima Mamostana: a, fruiting hianch, X Va\ b, fruit with end 
of rind removed, X V6; c, flower, X Vix d, same, vertical section, X Vi. (From L. H. 
Bailey, Manual of cultivated plants, The Macmillan Company, 1949, Copyright 1924 and 
1949 by Liberty H. Bailey.) 

Trees or shrubs, sap resinous, oil glands present; leaves opposite or whorled, 
rarely alternate, simple, estipulate; flowers usually unisexual, sometimes bisexual 
on the same plant and functionally polygamodioecious, rarely all bisexual, actino- 
morphic, the sepals 2-10 (or more), decussate or imbricated, the petals 4-12, 
susually imbricate, subvalvate, or contorted; stamens few or numerous, hypogynous, 
distinct or variously united, often collected into bundles or phalanges, the anthers 
2-celled, dehiscing longitudinally; pistillode often present in staminate flowers; 
pistil 1, the ovary superior, 1-many-loculed, carpels 3 or 5 or as many as the 
locules, placentation axile basal, or infrequently parietal, the ovules l-many on each 
placenta, anatropous, styles as many as locules or carpels and usually connate, the 
stigmas as many as carpels or locules, often peltate or radiating; fruit often 
capsular, sometimes a berry or drupaceous; seed with large embryo and no endo- 
sperm, often arillate. 

As here interpreted (excluding the Hypericaceae) the family is almost exclusively 
tropical in distribution, and composed of about 35 genera and 400 species (over 
200 spp. in Clusia). No species is indigenous to the United States, but species 
of Clusia, Calophyllum, Mammea, and Rheedia extend from South and Central 
America into Mexico and the West Indies. 

The Guttiferae and Hypericaceae are closely related to one another (the former 
the more primitive) and many phylogenists (including Engler and Wettstein) 
have united them, for their allegedly characteristic anatomical differences lose force 
when comparison is made with the subfamilies Calophylloideae and Clusioideac of 

i 

^■*®The name Guttiferae has been conserved for this family, with the exception that 
the alternative name Clusiaccae may be used by those preferring the ending -aceae. 
Engler and Diels (1936) treated this familv as composed of 5 subfamilies, including the 
Hypericoideae, but an increasing number ot botanists accept the view followed here that 
the Hypericaceae deserve recognition as a separate family. 
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the Guttiferae. The family seems to have been derived from the Theaceae or from 
stocks ancestral to them, a view accepted by Vestal, Hutchinson, and others. 

Economically the family is of little domestic importance. Except for Rlieedia, 
the genera mentioned above and also Garcinia are cultivated in the warmer parts of 
the country for ornament or for their edible fruit. The mangosteen {Garcinia 
Mangostana) is one of the most highly prized edible fruits of the tropics, but 
requires warmer temperatures for fruit production than are available m this 
country; a similar situation exists for the mammee apple {Mammea americana) . 

LITERATURE: 

Engler, a. Guttiferae. In Engler and Prantl, Die naturlichen Pflan/enfamilien, ed. 2, 
Bd. 21: 154 237, 1925. 

JuLiANO, Vfsoui*. Guttiferae. In de Candolle, Monogr. Phaner. 8: 1-669, 1893. 
Lau'ILRBAch, C. Guttiferae. Engl. Bot Jahrb. 58: 1 49, 1922 23. 

Lott, H. J. Nomenclatural notes on Hvpeitcum Journ. Arnold Aib. 19: 149 152, 1938; 
19: 279-290, 193X 

Planchon, J. F. and Triana, J. Memoire sur la famille des Guttiferes. Ann. sci. nat. ser. 

4, IS: 306 376. 1860; op. at. 14: 121 1860. 

Vestal, P. A. The significance of comparative anatomy in establishing the relationship 
of the Hypcricaceae to the Guttiferae and their allies. Philippine Journ. Sci. 64: 
199 256, 1937. 


HYPERICACEAE. HYPERICUM FAMILY 



Fig. 213. Hypericaceae. A, Hypericum frondosum: Aa. flowering bianch, X Vi: Ab, 
flower, vertical section, X 1; Ac, style and stigma, X 2; Ad, ovary, cross-section, X 3, Ae, 
capsule, X 1. B, //. prolificum: flowering branch, X Vi. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 

Trees, shrubs, or herbs (rarely woody lianes), sap resinous; leaves opposite or 
whorled, simple, often pellucid- or black-punctate, estipulate; flowers bisexual, 
actinomorphic, cymose; perianth biseriate, the sepals 4-5, imbricate, often basally 
connate, outer ones usually smaller (rarely 4 with the 2 outer much larger), the 
petals as many as sepals, sessile or clawed (claw, when present, often with nectar 
pit or groove), distinct, imbricated or contorted; stamens numerous, hypogynous, 
usually fascicled in 3-5 (rarely 6-8) bundles the members of which are often more 
or less connate by the filaments, rarely the stamens monadelphous, the anthers 
2-celled, dehiscing longitudinally; pistil I, the ovary superior, 3-5-loculed and 
-carpelled (rarely unilocular with 3-5 carpels), the placentation usually axile 
(rarely parietal), the ovules numerous, anatropous, the styles 3-5, distinct or 
basally connate (sometimes coherent until after anthesis), linear; fruit a capsule 
or berry; seed without endosperm, the embryo straight or curved. 

A family of about 8 genera and 350 species with Hypericum (300 spp.) the 
largest genus (generic segregates accepted by Small, Rydberg, et al include 
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Crookea, Sarothra, Sanidophyllum, Triadenum). Hypericum is represented by 
about 40 species indigenous to the United States. The closely related Ascyrum (5-7 
spp.) has about 4 species indigenous to the country. Vismia (32 spp.) of tropical 
America extends northward into Mexico. 

The Hypericaceae are best distinguished from related families by the combina- 
tion of pellucid or black dotted opposite leaves, the fascicled stamens, the 3-5- 
loculed ovary and essentially distinct styles. Studies by Vestal (1937) have shown 
that they are advanced over the Guttiferae, and that within the family the tropical 
woody genera are the more primitive. He found Hypericum to be, anatomically, a 
homogeneous taxon lacking bases for generic segregations. 

Economically the plants are of little importance. Some of the shrubby and a 
few of herbaceous St.-John’s-wort {Hypericum spp.) are cultivated for ornament 
and other species are noxious weeds or poisonous when eaten by livestock. St.- 
Andrew’s-cross {Ascyrum hypericoides) is an evergreen shrub in warm regions and 
used there as a landscape subject. 

LITERATURE: 

FfcRNALD, M. L. The varieties of Hypericum sect. Elodea {H. virginicum) . Rhodora, 38: 
433-436, 1936. 

Kfiler, R. and Engler, A. Guttiferae subfam. Hypericoideae. In Engler and Prantl, 
Die naturlichen Pflanzenfamilien, ed. 2, 21: 174-188, 1925. 

Sampson, A. W. and Parker, K. W. St. Johnswort on range lands of California. Cali- 
fornia Agr. Exp. Sta. Bull. 503: 1-48, 1930. 

SvENSON, H. K. Plants of the Southern United States. III. Woody species of Hypericum. 
Rhodora, 42: 8 -19, 1940, 

Vestal, P. A. The significance of comparative anatomy in establishing the relationship 
of the Hypericaceae to the Guttiferae and their allies. Philippine Journ. Sci. 64: 
199-256, 1937. 


ELATINACEAE.'"« WATERWORT FAMILY 



Fig. 214. Elaiinaceae. Elatine americana: a, flowering plant, X \V 2 \ b, node with leaves, 
X 3; stipule, X 15; d, flower, habit, X 12; e, same, vertical section, X 12; f, pistil, X 15; 
g, ovary, transverse view, looking into basal half, X 15. (Drawn from material, courtesy 
S. J. Smith.) 

Annual or perennial aquatic herbs or suffrutescent perennials of similar hab- 
itats; leaves opposite or whorled, simple, stipulate; flowers minute, bisexual, actino- 
morphic or zygomorphic, solitary or in small axillary dichasia, the perianth biseri- 
ate. persistent, the sepals 3-5, distinct or basally connate, the petals same number 
as sepals, distinct, hypogynous; stamens in 1-2 whorls of 3-5 stamens each, distinct, 
hypogynous, the anthers 2-celled, dehiscing longitudinally; pistil 1, the ovary supe- 
rior, 3-5-loculed and -carpelled, the placentation axile, the ovules numerous, in 2 

^^‘*The name Elatinaceae has been conserved for this family. 
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or more rows on each placenta, anatropous, the styles 3-5, distinct and short; 
fruit a septicidal capsule; seeds with straight or curved embryo and lacking 
endosperm. 

A family of 2 genera (FJatine 10 spp., Bergia 20 spp.) of cosmopolitan distribu- 
tion. Elatine is widespread in fresh-water habitats of temperate and warm regions 
with about 4 spp. indigenous to the United States, and Bergia is almost exclusively 
tropical and subtropical in distribution, with 1 species (B. texana) occurring from 
Texas to Missouri and west to California. 

The Elatinaceae are readily distinguished among aquatics by their opposite or 
whorled leaves and paired stipules, by the axillary often cymose flowers that are 
3-5-merous, and the numerous axillary ovules. 

The family is of no known economic importance. 

LITERATURE: 

Fasseit, N. C. Notes from the herbarium of the University of Wisconsin — XVII. 

Elatine and other aquatics. Rhoclora, 41: 367 377, 1939. 

Fernald, M. L. The genuA Elatine in eastern North America. Rhodora, 19: 10 15, 1917. 

.Elatine amrricana and E. triandra. Rhodora, 43: 208 -211, 1941. 

Gauthier, R. and Raymond, M. Le genre Elatine dans le Quebec. Contr. Inst. Bot. Univ. 
Montreal, 64: 29-35, 1949. 

Niedenzu, F. Elatinaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 
2, 21: 270-276, 1925. 


FRANKENIACEAE.^^'" FRANKENIA FAMILY 



Fig. 215. Frankeniaceae. Frankenia grandi folia: a, flowering branch, X V6; b, inflores- 
cence, X 1; c, flower, habit, X 3; d, petal, ventral side, X 4; e, flower, less perianth, X 4; 
f, ovary cross-section, X 15; g, ovary, vertical section, X 10. (g, after Torrey.) 


Perennial herbs or small shrubs; leaves opposite, decussate, simple, entire, the 
pairs joined at base by a ciliated line, estipulate; flowers bisexual, actinomorphic, 
bracteate, in terminal or axillary cymes or solitary, the perianth biseriate, the sepals 
4-7, forming a tubular short-Iobed calyx, the petals of same number, distinct, 
hypogynous, imbricated, long-clawed, each with a ligular scale at base of a spread- 
ing limb and decurrent down the claw; stamens usually 6 (4-7) in 2 whorls, hypog- 
ynoiis, distinct or shortly connate at base, often didynamous, the anthers 2-celled, 
extrorse, versatile, dehiscing longitudinally; pistil 1, the ovary superior, unilocular, 
the carpels 2-4, the placentae parietal, usually fertile basally, the ovules 2-3 to 
many, anatropous, ascending or the long funiculus recurved, the style 1 and 
slender, with 3 included branches or stigmas; fruit a loculicidal capsule enclosed 
within the persistent calyx; seeds with straight embryo and a mealy endosperm. 

The name Frankeniaceae has been conserved for this family. 
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A family of 4 genera and 34 species, occurring on all continents but not widely 
distributed except in the Mediterranean region, represented in the United States by 
2 indigenous species of Frankenia in saline habitats of southern California and a 
third extending from Texas to Colorado. 

The family is distinguished by its decussate heathlike foliage, the appendaged 
petals, and the long-funiculate ovules on parietal placentae. The affinity of the 
plants for saline or arid habitats also is characteristic. 

The Frankeniaceae were placed in his Guttales by Hallier, who interpreted them 
to have been derived from the Linaceae via the Tamaricaceae and to be the most 
advanced family of the order; Rendle, following Wettstein, included them with the 
Parietales (an order differing from the Parietales of Engler by the removal of the 
Theineae as the Guttiferales); Bessey included all 3 families of the Tamaricineae 
in his Caryophyllales, and Hutchinson placed the Elatinaceae with the Caryophyl- 
lales but segregated the Tamaricaceae and Frankeniaceae as his Tamaricales. 

The family is of little economic importance. Plants of the alkali heath (Fran- 
kenia grandifolia) and of a few Old World species of Frankenia are cultivated to a 
limited extent as novelties. 

LITERATURE: 

Gundersen, a. The Frankeniaceae as a link in the classification of dicotyledons. Torreya, 
27: 65-71, 1927. 

Niedenzu, F. Frankeniaceae. In Engler and Prantl, Die naturlichen Pfianzenfamilien, 
ed. 2, 21: 276-281, 1925. 


TAMARICACEAE.'^® TAMARISK FAMILY 



Fig. 216. Tamaricaceae. Tamarix parviflora: a, flowering branch. X V2 \ b sterile tw g 
with leaves, X 2; c, flower habit, X 4; d, flower, less perianth, X 10; e, ovary, vertical 
section, X 10. (From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 
1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Small, heathlike trees or shrubs with slender flexuous branches, halophytic or 
xerophytic; leaves subulate to scalelike, alternate, appressed, estipulate; flowers 
minute, bisexual, actinomorphic, ebracteate, solitary (Reaumurieae) or in dense 
spikelike racemes (Tamariceae), hypogynous, 4-5-merous, the perianth biseriate, 
imbricated, the sepals and petals distinct, the latter persisting in fruit, the corolla 
and androecium arising from a fleshy nectiferous disc; stamens as many or twice as 
many as petals, distinct or basally connate, the anthers 2-celled, dehiscing longi- 
tudinally; pistil 1, the ovary superior; unilocular, usually 3-4-carpelled, the placen- 
talion parietal or (in Tamarix) reduced to a basal-parietal position, the ovules 
2-many on each placenta, ascending, anatropous, on short funiculi, the styles as 
many as carpels, distinct or basally connate or sometimes absent and the 3-4 
stigmas sessile; fniit a capsule, sometimes becoming falsely and incompletely 

The name Tamaricaceae has been conserved for this family. 
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multiloculate; seeds densely bearded all over or at distal end, rarely winged, the 
embryo straight, the endosperm absent (Tamariceae) or present (Reaumurieae). 

A family of 4 genera and about 100 species, mostly of the Mediterranean region 
and in central Asia. None is indigenous to the United States, but 1 species of 
Tamarix (7. galUca) is naturalized extensively in dry or saline habitats from 
South Carolina across the south to California. See under Frankeniaceae for notes 
on presumed phyletic relationships. 

The plants of this family are readily distinguished by the sinuous branchlets, the 
apprcssed minute subulate leaves, and the hairy seeds. 

Several species of tamarisk (Tamarix) are cultivated domestically as ornamental 
shrubs prized for their feathery verdure and pink bloom. One species of false 
tamarisk (Myricaria germanica) is grown to a limited extent as an ornamental. 

LIT ERA! URE: 

NiI'DLnzu, F. Tamaricaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 

2 , 21 : 282 289 , 1925 . 


CISTACEAE.'^“ ROCK-ROSE FAMILY 



Fig. 217. CisiACiAL. Helianthemum nu/nmulanunv a, flowers, X b, stem node, X 1; 
c, pistil, ovary in vertical section, X 4; d, ovary, cross-section; e, capsules, X 1; f, flower, 
vertical section, X 1. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Herbs or shrubs, the hairs often stellate; leaves mostly opposite, simple, stipulate 
or not so; flowers bisexual, actinomorphic, solitary to cymose or in cymose racemes, 
the perianth biscriate (cleistogamous flowers occur in some genera), the sepals 
3-5, convolute, distinct, sometimes unequal (the 2 outer generally smaller), the 
petals 5, rarely 3 or none, distinct, convolute (the convolutions of calyx and corolla 
in opposite directions) caducous or ephemeral; stamens numerous, hypogynous, 
borne on an elongated and disclike projection of the receptacle, centrifugal (basi- 
petal), distinct, the anthers introrse, 2-celled, dehiscing longitudinally; pistil J, the 
ovary superior, unilocular (sometimes falsely 5-10-loculed by intrusion of placen- 
tae), the carpels 3 or 5-10, the placentation parietal often on intruded placentae, 
the ovules 2-many on each placenta, orthotropous (rarely anatropous), funiculi 
well developed, the style 1 and stigmas 3-5 or connate and 1; fruit a leathery or 
woody capsule, loculicidally dehiscent; seeds small, angular, the embryo not 
straight, the endosperm present. 

A family of 8 genera (some botanists accept only 3-4) and about 175 species, 
widely distributed in the warmer parts of the northern hemisphere but especially 
abundant in the Mediterranean region. In the United States it is represented by 
Helianthemum (2 of its 80 spp. in southern California), and in the eastern states 

^ The name Cistaceae has been conserved for this family. 
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by Crocantfiemum (by perhaps 9 of its 25 spp.), Lechea (by perhaps 12 of its 
15 spp.), and Hudsonia by its 3 spp. 

The Cistaceae are distinguished from related families (as the Violaceae, Bixa- 
ceae, and Hypericaceae) by the usually opposite leaves, the perianth series reversely 
convolute, the caducous or ephemeral petals, the numerous stamens, and the seed 
with copious endosperm. 

The Cistineac (treated by Engler to contain the Cistaceae and Bixaceae) were 
included within the Guttiferales by Bessey, and retained in the Parietales by Wett- 
stein and by Rendle. Hutchinson segregated these 2 families (plus the Cochlosper- 
maceae, Flacourtiaceae, and Canellaceae) into his order Bixales. 

Economically the family is of slight domestic importance. A few species and 
hybrids of Cistus are cultivated for ornament in the warmer parts of the country, 
and a few of Helianthemum throughout the country. Hudsonia is infrequently in- 
troduced into the rockery. 

LITERATURE: 

Dansfrf.au, P. M. Monographic du genre Cistus. Boissiera, Ease. 4, 1939. 
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BIXACEAE.’"' BIXA FAMILY 



Fig. 218. Bixacfaf. Hixa Orellana- a, flowering branch, X V6; b, flower habit, X Vi; 
c, same, vertical section, X 1 / 2 ; d, ovary, cross-section, X 2; e, fruit, X V 2 . (From L. H. 
Bailcy, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 
1949 by Liberty H. Bailey.) 

Shrubs or small trees with reddish sap; leaves alternate, simple, palmately veined, 
stipulate; flowers bisexual, actinomorphic, paniculate, the sepals 5 (rarely 4), imbri- 
cated, distinct, deciduous, the petals 5, large and colored, imbricated and twisted 
in bud, distinct; stamens numerous, hypogynous, distinct, the anthers 2-celled, 
dehiscing longitudinally or rarely (as in Bixa) by 2 apical pores; pistil 1, the ovary 
superior, unilocular or falsely and incompletely bilocular by placental intrusion, the 
carpels 2, the placentation parietal, the ovules numerous, anatropous, funiculi well 
developed, the style slender with 2 stigmas; fruit a loculicidal capsule, often echi- 
nate without, 2-valved; seeds with brilliant red fleshy testa, the endosperm present. 

*''*”For views on the presence and absence of taxonomic validity of these generic 
segregates from Helianthemum, cf. Janchen (1925) and Fernald (1941). 

The name Bixaceae has been conserved over other names for this family. 
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A unigeneric family containing the monotypic Bixa, of mostly tropical America, 
widely naturalized pantropically but not indigenous. For many years the family 
was interpreted to contain 4 genera (see Warburg, 1895), but largely on the 
evidence submitted by van Tieghem all but Bixa were segregated to comprise the 
Cochlospermaceae. This restricted concept of Bixaceae has been accepted by almost 
all phylogenists (Hallier merged Bixaceae sensu latiore with the Tiliaceae), and 
the Cochlospermaceae are accepted as taxonomically valid. 

The Bixaceae are readily distinguished by the colored sap and by the red fleshy 
testa of the seeds. 

Economically the family is important for its 1 species, Arnotto {Bixa Orellana) , 
grown in warm regions for its showy fruit and for dyes made from the fleshy 
testa enveloping the seeds. 

LITi RATURF' 
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COCHLOSPERMACEAE. COCHLOSPERMUM FAMILY 



Fig. 219. Cochlospermaceae. Cochlospermum vitifoJium: a, flowering branch superpose:! 
on leaf, both, X 14; b, flower habit, X I/ 2 ; c, same, vertical section, X V^; d, ovary, cross- 
section, X 3. 


Trees, shrubs, or rhizomatous herbs, sap orange or reddish; leaves alternate, 
simple with palmate lobes and veins, stipulate; flowers showy, usually appearing 
before the leaves, bisexual, actinomorphic or slightly zygomorphic, the sepals and 
petals 4-5, deciduous, and imbricated, both distinct; stamens numerous, distinct, 
equal or unequal (those of one side with longer declinate filaments), the anthers 
2-celled, linear, dehiscing by terminal porelike slits; pistil 1, the ovary superior, 
unilocular, the carpels 3-5, the placentae parietal and often intruding, and the 
ovary then falsely or basally 3-5-loculed, the ovules numerous, the style 1, the 
stigmas minute and dentate, as many as carpels; fruit a large capsule with thick 
outer and thin inner wall, valves 3-5; seed with curved embryo and an oily 
endosperm. 

A family of 3 genera and 25 species, of tropicaj distribution. Amoreuxia (4 spp.) 
is represented by 2 species indigenous to southern Arizona, and one species of 
Cochlospermum (Maximilianea) (15 spp.) extends northward into Mexico. 

^®“The name Cochlospermum Kunth (1822) is conserved over Maximilianea Mart. 
(1819) not Maximiliana Mart. 1824? a genus of Palmae. 


DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 611 

The third genus, Sphaerosepatuni of Madagascar, is sometimes treated as a uni- 
generic family. 

The family differs from the Bixaceae primarily in the palmately lobed or divided 
leaves and the endosperm oily instead of granular or bony. The large yellow 
flowers are showy, and Cochlospermum vitifolium is cultivated as an ornamental 
tree in southern California. 

LITERATURE: 

Blake, S. F. The American species of Maximilianea {Cochlospermum), Journ. Wash. 
Acad. Sci. 11: 125-132, 1921. 

PiLGER, R. Cochlospermaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, 
ed. 2, 21: 316-320, 1925. 


CANELLACEAE.'®^ WILD CINNAMON FAMILY 



Fig. 220. Canellaceae. Canella Wmterana: a, flowering branch, X Va\ b, flower, side 
view, X 4; c, same, vertical section, X 7; d, androecium, habit, X 7; e, ovary, cross- 
section, X 10. 


Trees, possessing aromatic oils; leaves alternate, simple, entire, coriaceous, 
glandular-punctate or -dotted, eslipulate; flowers bisexual, actinomorphic, solitary, 
cymose, or racemose, the perianth biseriate, often subtended by 3 persistent imbri- 
cated bracts, the sepals 4-5, distinct, imbricated, thick, the petals 4-5 or none, 
distinct ci basally connate, imbricated; stamens 20 or less, monadelphous, the 
anthers extrorse, 2-celled, dehiscent by longitudinal valves; pistil 1, the ovary 
superior, unilocular, carpels 2-5, the placentae parietal and not intruding, the ovules 
2-many on each placenta, semianatropous, the style solitary and thick, stigmas or 
their lobes as many as carpels; fruit a berry; seeds with oily endosperm and a 
straight or slightly curved embryo. 

A tropical family of 5 genera and 1 1 species of disjunctive distribution; Canella 
(2 spp.) occurring from Venezuela to southern Florida (C. Winterana), Cinna- 
modendron (3 spp.) in tropical America, Plenodendron, a monotypic genus of 
Puerto Rico, Cinnaosma (2 spp.) in Madagascar, and Warhurgia (3 spp.) in 
tropical Africa. 

The family is distinguished by the stamens connate by their filaments into a 
tube that almost or completely envelops the pistil, by the parietal placentation, and 
the fruit a berry. 

Economically the family is of little importance. The leaves and bark of the 
wild cinnamon {Canella Winterana) are used in medicine and as a condiment. 

This family, known in much of the literature as the Winteranaceae, had its name 
taken from the type genus Winterana L. (1759). However, the name Canella P. Br. ex 
Swartz (1791) has been conserved, and Winterana is a nomen rejiciendumj and the valid 
name for the family is Canellaceae. 
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The tree is cultivated to a limited extent in southern Florida as an ornamental 
prized for its purple flowers and black berries. 

LITERATURE: 

Gilg, E. Canellaceae. In Engler and Prantl, Die natiirlichen Pflanzenfamilien, ed. 2, 21: 
323 329, 1925, 


VIOLACEAE.'®^ VIOLET FAMILY 



Fig. 221. VioLACEAF. A, Viola papilionacea: Aa, flowering plant; Ab, flower, perianth 
partially removed, X 1; Ac, flower, vertical section, X 2; Ad, ovary, cross-section, X 4; 
Ae, capsule, X 1. (From L. H. Bailey, Manual of cultivated plants, The Macmilldn Com- 
pany, 1949, Copyright 1924 and 1949 by Liberty H. Bailey.) 


Shrubs or herbs (usually perennial), rarely climbing (as in Anchieta): leaves 
alternate (opposite in Hybanthus), simple (sometimes lobed or divided), the 
stipules minute or leafy; flowers bisexual, zygomorphic or actinomorphic (some- 
times cleistogamous), solitary or the inflorescence various, the sepals 5, distinct or 
nearly so, usually persistent, imbricated, the petals 5, the lowermost often spurred 
and larger than others, imbricated or contorted; stamens 5, hypogynoiis or slightW 
perigynous, closely connivent around the pistil, the anthers 2-celled, introrse, one 
of them often spurred, dehiscence by longitudinal slits: pistil 1, the ovary superior, 
unilocular, carpels 3-5, the placentae parietal, the ovules 1-2 or numerous on each 
placenta, anatropous, the style 1 with stigma of varying shapes; fruit a loculicidal 
capsule (sometimes dehiscing explosively) or a berry; seeds winged in some woody 
lianes, the embiyo straight and a copious fleshy endosperm present. 

A family of about 16 genera and 850 species, of wide distribution and occurring 
on all continents. The Violaceae are represented in the United States by indigenous 
species of 2 genera, by perhaps 60 of the 400 species of Viola, these occurring in 
all but the most arid regions of the country, and by 2 of the 80 species of Hyban- 
tlufs (including Cuhelium) that are indigenous from Arizona north to Kansas and 
Colorado, and a third species {H. concolor) eastward to Georgia and north to 
Ontario and New York. The tropical woody Rinorea (260 spp.) (not indigenous 
to North America) has actinomorphic flowers and all stamens alike and ecalcarate. 

The Violaceae are distinguished by the 5-mcrous flowers (but the gynoecium 
often tricarpellate), the stamens basally coherent and introrse, and (in the Violcae) 
by the zygomorphic corolla. In Viola and others, the stamens possess a fingerlike 
curved nectar-secreting horn that projects backward from the connective of each 
of the two lower (abaxial) anthers into the spur of the lower petal. Also in Viola, 
and in Hyhanthus, apetalous cleistogamous flowers are produced in midsummer on 
short pedicels near the ground, after the normal flowering season is past. 

Hallier included the family as a primitive member of his Polygalines, and Bessey 

'•''’•‘The name Violaceae has been conserved for this family. 


DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 


613 


retained it in the Guttales. Rendle, following Wettstein, included it in the Parietales. 
Hutchinson included it in his Violales (together with Resedaceae), interpreting this 
order (and his Polygalales) to be advanced and terminal taxa derived from ranalian 
stocks via the Rhocadales. 

Economically the family is important domestically for the English violet {V. 
odorata) of the florist’s trade. About 120 species of Viola are offered in the 
domestic trade for cultivation as ornamentals. 
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FLACOURTIACEAE. FLACOURTIA FAMILY 

Trees or shrubs, rarely climbing; leaves alternate (rarely opposite), 2-ranked, 
simple, coriaceous, persistent, stipules caducous; flowers generally bisexual (some- 
times unisexual, the plants monoecious or dioecious, as in Pangium), actinomorphic 
mostly in lateral or terminal cymose inflorescences, the sepals 2-15, equal, usually 
distinct, imbricated, sometimes the calyx undifferentiated from the corolla, the 
petals when present usually equal in number to sepals, sometimes more numerous, 
with or without an opposite basal scale, imbricated; stamens generally numerous. 
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hypogynous, distinct or sometimes in bundles alternating with sepals (opposite 
petals), the anthers 2-celled, dehiscing longitudinally, often attenuate or appen- 
daged; a disc often present between stamens and pistil; pistil 1, the ovary superior 
(rarely half inferior to inferior), unilocular, the carpels 2-10, the placentae 
parietal and sometimes much intruded, the ovules numerous on each placenta, of 
various types, the style 1 or as many as carpels and distinct; fruit a loculicidal 
(rarely indchiscent) capsule or berry; seeds often conspicuously arillate, with a 
straight embryo and the endosperm mostly abundant. 



Fig. 222. Flacourtiaceae. A, Dovyalis caffra: Aa, fruiting branch, X V4\ Ab, fruit, 
terminal half removed exposing seeds, X !4; Ac, pistillate flower, X 3. B, Azara micro- 
phylla: Ba, vegetative branch, X Bb, flower, vertical section, X 6. (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty H. Bailey.) 

A family of 84 genera and about 850 species, of pantropical and subtropical 
distribution. No species is indigenous to this country, but 10 genera and about 
25 species extend northward into Mexico. 

The family is distinguished from related taxa by the numerous stamens, the 
variously modified disc and often enlarged receptacle, and the often undifferen- 
tiated perianth. Hutchinson included it in his Bixales, Hallier placed it in his Pas- 
sionales, and others retained it in either the Guttiferales or Parietales. 

Economically the family is of little domestic importance. Chaulmugra oil (from 
Gymnocardia odorata) of medicinal value is imported from India. Domestically, 
species of 7 genera are cultivated for ornament (including Azara, Berheridopsis, 
Carrierea, Idesia, and Xylosma), and species cultivated for their edible fruits 
include the Kei apple and Ceylon gooseberry {Dovyalis spp.) and the ramontchi 
{Flacourtia indica). Taraktogenos is grown here in warm parts for the production 
of a medicinal oil. 

LITERATURE: 
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STACHYURACEAE. STACHYURUS FAMILY 

Shrubs or small trees; leaves alternate, simple, deciduous, minutely stipulate: 
flowers bisexual or sometimes unisexual, actinomorphic, subtended by a pair of 
basally connate bracteoles, in axillary racemes appearing before the leaves, the 
sepals and petals 4, distinct, imbricated; stamens 8, distinct, the anthers 2-celled, 
dehiscing longitudinally; pistil 1, the ovary 4-locular,^®® the placentation appearing 

155 Morphologically the ovary in this family is interpreted to be unilocular with in- 
truding parietal placentae that meet in the center. For purposes of identification it is 
treated as 4-locular. 
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axile, the ovules numerous, the style 1 with a usually 4-lobed capitate-peltate 
stigma; fruit a berry, often leathery; seeds with straight embryo and an abundant 
endosperm. 



Fig, 223. SiACHYURACEAE. Stachyiirus praecox: a, flowering branch, X Vi; b, flower, X 3. 
c, same less perianth, X 6; d, ovary, ciosss-ection, X 8; e, fruit, X I. 


A unigeneric family {Stachyurus) of 5-6 species indigenous Uy^ eastern and 
central Asia. S. praecox, of Japan, occasionally cultivated in this country as an 
ornamental shrub. 

The family was once united with the Theaceae, from which it differs in the 
fewer stamens, the unbranched style, the morphologically parietal placentation. 

LITERATURE: 

GilCi, E. Staohyuraceae. In Engler and Pranll, Die naturlichen Pflanzenfamilien, cd. 2, 
21: 457-459, 1935. 


TGRNERACEAE.'"® TURNER A FAMILY 



Fig, 224, Turneraceae. Turnera ulmi folia: a, flowering branch, X 14; b, flower, habit, 
X 1; c, same, vertical section, X 1; d, stigma, X 5; e, ovary, cross-section, X 10. 


Herbs, shrubs, or trees; leaves alternate, simple, entire or lobed, often basally 
biglandular, stipules, small or none; flowers bisexual, actinomorphic, often bibrac- 
teolate, axillary, solitary or fasciculate, hypanthoid, the sepals 5, borne on an 
hypanthium, imbricated, deciduous, the petals 5, on hypanthium, distinct, clawed, 
contorted; the stamens 5, opposite the sepals, distinct, borne on the hypanthium, 
the anthers 2-celled, dehiscing longitudinally; pistil 1, the ovary superior, unilocular, 
carpels 3, the placentae parietal, somewhat intruded, each with numerous ovules, 
the styles 3, linear or flattened, apically fringed; fruit a loculicidal capsule; seeds 
arillate, the embryo straight and endosperm fleshy or bony. 

The name Turneraceae has been conserved for this family. 
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A tropical American family of 6 genera and about 110 species. Turnera, the 
largest genus with 60 species, has 1 species indigenous in Texas. T. ulmifolia of the 
West Indies and southward is naturalized in Florida. Three genera and 4 species are 
indigenous to Mexico. 

The family is distinguished by the presence of the hypanthium, the tricarpellate 
ovary, the fimbriate-tipped stigmas, and anllate seeds. 

The species are of no known domestic economic importance. 

LITERATURE: 

GiLO, E, Turneraceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, 21; 
459-466, 1925. 


PASSIFLORACEAEJ''^ PASSION-FLOWER FAMILY 



Fig. 225. Passifloraceae. Passiflora caerulea: a, dowering branch, X Vt, b, flower, 
vertical section, X I /3 (co corona, o ovary, p petal, s sepal, st stamen, stg stigma); c 
ilower, face view, X Va\ d, ovary, cross-section, X 2. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 

Shrubs, or herbs, often lianous with axillary tendrils; leaves alternate, simple or 
compound, stipulate; tendrils opposite the leaves, often corresponding to the ter- 
minal flower of a dichasium or first flower of a monochasium; flowers bisexual 
(rarely unisexual and the plants then monoecious or, in Adenia, dioecious), acti- 
nomorphic, axillary and usually in pairs, bracteate, the sepals 5 (4), distinct or 
basally connate, often petaloid or fleshy, imbricated, persistent, the petals 5 (4) or 
wanting, distinct or briefly basally connate, often smaller than sepals, imbricated; 
the corona fleshy, usually concave to cup-shaped, situated between perianth and 
androecium; the stamens 5 or more, usually opposite the petals, arising from 

'•'^'^The name Passifloraceae has been conserved for this family. 

The gross morphology of the corona of the Passifloraceae, explained below, is 
based largely on the recent studies by Puri (1948). The corona is interpreted broadly to 
comprise (1) the hypanthium and (2) all accessory structures situated between the peri- 
anth parts and the stamens. The hypanthium (floral cup or receptacle) is of appen- 
dicular origin and does not represent an expansion and concavity of the receptacle or 
torus. The 1 or 2 whorls of usually filamentous sterile structures just within the petals 
are the radii, the usually much shorter whorl (s) within the radii are the pah, the next 
inside paii is a usually delicate membrane, the operculum, which generally closes the nec- 
tary chamber from the outside; these 3 parts of the corona (the radii, pali, and operculum) 
are believed to represent enations from the perianth parts and are not staminodes. 
Within the operculum there is a more or less annulate nectiferous region of which a 
conspicuous rim or ring is termed the annulus. At the base of the androgynophore (or 
sometimes “moved down” onto the hypanthium) is a minute and often lobed rim or cup 
termed the lunen (probably staminodal in nature). In some species there is a distinct 
nodal swelling above the limen, the trochlea. 
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corona base or from receptacle rim or hypogynous from a gynophore apex (theieby 
forming an androgynophore), distinct or basally connate, anthers 2-celled, de- 
hiscing longitudinally, staminodes present in some genera; pistil 1, often raised on a 
gynophore or more commonly an androgynophore, ovary superior, unilocular, 
carpels 3-5, placentae parietal and often broadly intruding (derived from ancestral 
axile placentae), the ovules numerous on each placenta, anatropous, styles as many 
as carpels, distinct or all connate, stigmas 3-5, often capitate or discoid; fruit a 
berry or a loculicidal capsule (rarely indehiscent) ; seed with straight embryo and 
fleshy endosperm. 

A predominantly tropical American family of 1 1 genera and about 600 species, 
Passiflora (including Tacsonia) has about 400 species, of which about 7 are in- 
digenous in the southeastern part of this country and one (P. lutea) extends noith 
into Missouri and Pennsylvania. A few members of the family occur in Ne\^ 
Zealand, Africa, Madagascar, and Asia. 

The family is distinguished by the combination of the usually climbing habit, the 
1 -flowered peduncles often in pairs, the variously modified corona, the gynandro- 
phore, and the often mucilaginously pulpy aril of the seeds. 

Economically members of the family are of domestic importance as ornamentals 
and for the edible fruit of the several species of Granadilla {Passiflora edulis, P. 
laurifolia, P. quadrangidaris, P. ligiilaris, and others). More than 20 species of 
Passiflora are cultivated here for the ornamental value of the vines and the showy 
jnusual flowers, P. caerulea the most common. 
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CARICACEAE. CARICA FAMILY 



Fig. 226. Caricaceae. Carica Papaya: a, crown of plant in fruit, much reduced; b, pistil- 
late flower, X V6; c, pistil, X 1; d, ovary, cross-section, X 1; e, staminate flower, X Vi: f, 
same, expanded, X Vi; g, fruit, vertical section, X '/jo. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 

Small soft-wooded often dioecious or monoecious trees, sap milky, trunks rarelv 
branched, foliage in a terminal crown; leaves alternate; palmately lobed (rarely 
entire), large, mostly long-petioled, estipulate; flowers unisexual or bisexual, usually 

Sometimes known as the pawpaw family but that name may better be reserved 
for Asimina of the Anonaceae. It is known also in the tropics as the papaya family. 
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of four types: (1) stammate, sessile, on staminate plants in clusters on pen- 

dant racemes 3-10 dm or more long, stamens 10 in 2 series, sessile, the pistil 
rudimentary rarely functional; (2) pistillate, subsessile, on pistillate plants, solitary 
or in few-flowered corymbs, in leaf axils, corolla gamopetalous, about 3 cm long, 
ovary large, globose, the 5 stigmas sessile and fimbriate, fruits globose to pyriform 
or ovoid; (3 » long fruited type, similar to type 2 but the inflorescence multiflowered, 
about 6-10 cm long, composed of 5-6 flowered corymbs, corolla gamopetalous, 
goblet-shaped, stamens 10, sessile at base of petals, ovary usually functional and 
when so the fruit cucumber-shaped, mostly 3-5 dm long; (4) polygamous, 
flowers of 2 sorts, one with the 10 sessile stamens all at throat of corolla, petals 
connate into an elongated tube, the other with only 5 stamens, long-filamented, 
attached near base of ovary, corolla tube very short or scarcely apparent; calyx 
very small in all types, gamosepalous and 5-lobed; petals 5, connate or distinct 
as noted above; stamens usually 10 in 2 whorls, the inner one often lacking, the 
anthers 2-cdled, dehiscing longitudinally; pistil 1, the ovary superior, unilocular, 
carpels usually 5, the placentae parietal and often intruding and producing a 
falsely 5-loculed chamber, the ovules numerous, the styles 5, broadly cuneate to 
fan-shaped, simple or fimbriate; fruit a large berry; seeds with straight embryo 
and a fleshy endo perm. 

A predominantly tropical American family of 3 genera and 27 species. Carica, 
with about 24 species, is American, with most species in the Andes (one, C. Papaya, 
now adventive pantropically) and the other 2 genera indigenous to tropical Africa. 

Members of the family are readily distinguished by the stiff unbranched thin- 
barked trunks crowned by the large leaves (giving a palmlike appearance), by 
the milky sap, the monoecious or dioecious character, the gamopetalous corollas 
bearing 5 or 10 stamens, and the unusual floral polymorphism. 

Economically the family is important for the highly prized edible fruit. Papaya, 
available in an increasing number of commercial variants. 

LITERATURE: 

Harms, H. Caricaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, 
21: 510-522, 1925. 

Heilborn, O. Taxonomical studies on Carica. Svensk. Bot. Tidsk. 30 H (3): 217 224, 
1936. 

Hofmeyr, J. D. J. The genetics of Carica papaya. Chron. Bot. 6: 245-247, 1941 
Pope, W. T. Papaya culture in Hawaii. Hawaii Agr. Exp. Sta. Bull. 61: 1-40, 1930. 


LOASACEAE.i«' LOASA FAMILY 

Herbs or shrubs, sometimes lianous; hairs often rough or scabrous, sometimes 
stinging and of peculiar multicellular structures; leave? opposite or alternate, simple 
or pinnately divided or fid, estipulate; flowers bisexual, actinomorphic, mostly 
perigynous (i.e., the receptacle usually extending above top of inferior ovary), the 
perianth parts in 4’s or 5’s, the sepals imbiicated, persistent, the petals flat or boat- 
shaped, distinct {Mentzelia) or connate {Eucnide, Sympetaleia) , indu plicate- valvate, 
often alternated with an inner series of petaloid staminodes or nectar scales; stamens 
numerous, distinct or more commonly connate in bundles opposite the petals, or 
all filaments basally connate in a low ring or short cylinder, the anthers usually 
2-celled (1 -celled in Sympetaleia), dehiscing longitudinally, the outer whorl some- 
times sterile and petaloid; pistil 1, the ovary inferior or almost completely so, the 
locules 1-3, the carpels 3-7, the placentation usually parietal or sometimes axile. 

Description of these types taken from Bailey, L. H. Manual of cultivated plants,, 
ed. 2, pp. 691-692. 

The name Loasaceae has been conserved for this family. 
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the ovules solitary to numerous on each placenta, anatropous, integument I, the 
style and stigma 1; fruit a loculicidal capsule, the valves usually spirally twisted and 
convex; seed with straight embryo, the endosperm present. 

A predominantly American family of 15 genera and about 250 species, most 
abundant in western South America, with the Old World representative a single 
monotypic genus (Kissenia) occurring from Arabia to southwest Africa. It is 
represented in the United States by about 30 indigenous species of 5 genera, all in 
the western provinces extending east to Illinois and Floiida. Mentzelia (including 
Bartonia) by 44 of 61 species, Eucnide by 1 of 8 , Sympetaleia by 1 of 2, Petalonyx 
by 4 of 5, and Cevallia by a single species. 



Fig. 227. Loasaceae. Caiophora latentia: a, flowering branch, X Vi; b, flower, face view, 
X 1, c, flower, vertical section, X 1; d, ovary, cross-section, X 4; e, capsule, X V 2 . (From 
L. H. Bailey. Manual of cultivated plants. The Macmillan Company, 1^49. Copyright 
1924 and 1949 by Liberty H. Bailey.) 

The family is characterized by its peculiarly shaped multicellular and usually 
stinging hairs (pagodalike, bulbously based with retrorse apex, or simple harpoon- 
like), its variety of staminode types, the often boat-shaped or concave petals, and 
the often spirally arranged capsule valves. 

Economically the members of the family are of little importance. A few species 
each of Blumenhachia, Caiophora, Eucnide, Loasa, and Mentzelia are cultivated 
for ornament or as novelties. 

LITERATURE: 

Darlington, J. A monograph of the genus Mentzelia. Ann. Mo. Bot. Card. 21: 103- 
226, 1934. 

Gilg, E. Loasaceae. In Engler and Pranll, Die naturlichen Pflanzenfamilien, ed. 2, 21: 
522 543, 1925. 


DATISCACEAE.'®^ DATISCA FAMILY 

Perennial herbs or small trees, mostly dioecious; hairs often lepidote-scaly; 
leaves alternate, simple or pinnately compound or divided, estipulate; flowers uni- 
sexual or rarely bisexual, actinoniorphic, in axillary fascicles, or spicate to race- 
mose; staminate flowers with calyx 3-9-lobed, the petals 8 and distinct or absent, 
the stamens variable in number (4-25?), often opposite the calyx lobes, distinct, 
the filaments often short, the anthers 2-celled, dehiscing longitudinally, a pistillode 
sometimes present; pistillate flowers (often some with a few stamens) with calyx 
tube adnate to ovary; staminodes often present; pistil 1, the ovary inferior, uni- 
locular (sometimes open at apex), the carpels 3, the placentae parietal, the ovules 
numerous on each placenta, anatropous, the styles 3 and bifid; fruit a capsule, de- 
hiscing apically and opening at the top between the persistent styles; seeds with a 
straight oily embryo and a scant endosperm. 

xhe name Datiscaceae has been conserved for this family. 
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A family of 3 genera (Datisca, Tetrameles, and Octomeles) and 4 species. Datisca 
has 1 species {D. glomerata) extending from Mexico into the Coast Ranges of 
California, and a second species in Asia. The other 2 genera are monotypic, the 
first a tree of India to Java, and the second occurring in the Philippines and 
East Indies. 



Fig. 228. Datiscac»\e. Datisca ftlomerata: a, pistillate branch, X Vi; b, pistillate flower, 
X 3; c, ovary, vertical section, X 6; d, same, cross-section, X 9; e, staminate inflorescence, 
X 2; f, staminate flower, X 2; g, fruit, X 3. 


The family is distinguished by the typically unisexual flowers and dioecious habit, 
an inferior ovary with parietal placentation, the nonvalvate capsule with an apical 
opening, and the oily embryo. 

The family is of little domestic importance. Durango root {Datisca glomerata) 
is occasionally grown as a novelty, and D. canahina is planted for ornament. 

LirERATURE: 

Gilg, E. Datiscuceae. In Engler and Prantl, Die naturlichen Pflanzenfamihen, ed. 2, 21: 
543 547, 1925. 


BEGONIACEAE.'«^ BEGONIA FAMILY 



Fig. 229. BEGONiACFAh, A, Begonut Rex-citUomni: Aa, flowering plant, X '/lo; Ab, 
staminate flower, X Vi. B, B. seniperflorens. Ba, floweiing branch, X Vh‘, Bb, pistillate 
flower, X 1 / 2 ; Be, same, veitical section, X Vi; Bd, staminate flower, X V 2 ; Be, ovary, 
cross-section, X I. (From L. H. Bailey, Manual of cultivated plants, The Macmillan Com- 
pany, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Mostly erect, creeping or acaulescent succulent monoecious herbs or low shrubs, 
stems somewhat jointed; leaves alternate, mostly 2-ranked, simple, mostly pal- 
mately nerved and often so lobed, petioled, the base oblique, the stipules caducous 
or early deciduous; flowers unisexual, zygomorphic or actinomorphic, the perianth of 
staminate flowers of 2 valvate petaloid sepals and 2 usually smaller valvate petals 

'«^*The name Begoniaceae has been conserved for this family. 



DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 


621 


and that of pistillate flowers of 2-many similar imbricated petaloid tepals (undiffer- 
entiated into calyx and corolla); stamens numerous, in many whorls, distinct or 
briefly connate basally, the anthers 2-celled, basiflxed, a connective often exserted, 
dehiscing longitudinally (rarely by pores); pistil 1, the ovary inferior (half inferior 
in Hillehratidia)y often 1-3 (6) winged, the locules 3 (unilocular with 5 parietal 
placentae in Hillebrandia), the carpels typically 3 (2 or 5), the placentation usually 
axile, the ovules numerous on simple or lobed placentae, anatropous, the styles 2 -5, 
distinct or basally connate, the stigmas strongly papillose on all sides and often 
twisted; fruit a loculicidal, bony capsule or rarely a berry; seeds with straight 
oily embryo and no endosperm. 

A family widely distributed in the tropics, with greatest development in northern 
South America. The 5 genera are Begonia (about 800 spp.), Hillehrandia (mono- 
typic) Hawaii, Begontella (3 spp.), Colombia, Semihegoniella (3 spp., Ecuador), 
Symhegonia (monotypic. New Guinea). No indigenous species occur in the United 
States, but a number of species are indigenous to Mexico. 

The family is readily distinguished by the unisexiiality of the flowers, the zygo- 
morphic staminate flowers, the numerous stamens in many whorls, the typically 
inferior angled or winged ovary with forked or lobed placentae, the usually twisted 
stigmas, and the seeds with oily embryo and the lack of endosperm. 

Economically the family is important for the many species of Begonia cultivated 
domestically as ornamentals, over 130 being currently offered in the American 
trade. 

LITERATURE: 

Bugnon, P. Valeur morphologique de Tovaire infere chez les Begonia. Bull. Soc. Linn. 
Normandie, Ser. 7, 9: 7 -25, 1926. 

Irmischfr, E. Begoniaccae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 
2, 21: 548-588, 1925. 

Smith, L. B. and Schubfrt, B. G. Studies in the Begoniaceae — II Mexico, Ccntial 
America. Contr. Gray Herb, 161 : 26-29, 1946. 

.Some Mexican Begonias. Contr. Gray Herb. 165: 90-94, 1947. 

ORDER 31. OPUNTIALES 

The Opuntiales of Engler are the cacti, and contain the single family Cactaceae. 
The order was accepted also by Rendle and (as the Cactalcs) by Wettstein but, 
as noted in the following account of the Cactaceae, the family has been included 
in other orders by most phylogenists and by several it has been treated as allied 
more closely to the Centrospermae than to the Parietales. 

CACTACEAE.*”^ CACTUS FAMILY 

Fleshy, herbaceous, or woody plants, stems simple or cespitose, many forms 
branched and treelike, often greatly enlarged and cylindrical, flattened or fluted, 
frequently constricted and jointed, the sap watery, or milky (in species of Cory- 
phanthae; leaves alternate, simple, flat and leaflike (but fleshy) in Pereskia and 
Pereskiopsis but cylindric, scalelike, or absent in other genera, usuallv with 
clusters of spines and sometimes bristles in the axils (areoles), the spines of an 
areole often radiating with a central one porrect (glochids present in the tribe 
Opuntieae); flowers usually solitary, sometimes clustered, bisexual (unisexual in the 
series Stenopetalae of the Opuntieae), actinomorphic (sometimes zygomorphic by 
the curvature of perianth tube), the hypanthium adnate to the ovary or free from 
it, perianth weakly differentiated into sepals and petals, the latter very numerous 
(rarely 8-10), the stamens numerous, arising spirally or in groups from the inner 

The name Cactaceae Lindl. (1836) is conserved over Opuntiaceae HBK (1823). 
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face of the hypanthium, anthers 2-ceIled, dehiscing longitudinally; pistil 1, the 
ovary typically inferior (sometimes sunken or embedded in the stem, but stalked 
in Pereskia), unilocular, the carpels 3-many, the placentae parietal, the ovules 
numerous, anatropous, style 1 (as many as carpels in Pereskia), the stigmas as 
many as carpels and radiating; fruit a berry, often glochidiate, spiny, or bristly; 
seeds with straight or curved embryo, the endosperm usually lacking, sometimes 
viscid {Rhipsalis), 



Fig. 230. Cactaceae. A, Mammillaria: Aa, plant in flower, X 1; Ab, flower, vertical sec- 
tion, X 2: Ac, ovary, cross-section, X 5. B, Schlumbetgera RusselUaniis'. flowering branch, 
X 1. C, Opuntia compressa: Ca, flowering branch, X 14; Cb, fruit, X 14. D, Nopalxochia 
Ackermamni: Da, flower, X !4; Db, same, vertical section, X Vs. (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty H. Bailey.) 

Cacti are native in the U.S. except Maine, New Hampshire and Vermont. The 
only genus alleged to have species in the Old World (West Africa and Ceylon) is 
Rhipsalis, and most botanists now reject the opinion that these are indigenous there. 
Indigenous species extend from Patagonia to British Columbia in the west and to 
Cape Cod in the east (including the West Indies), with the center of distribution in 
the dry areas of Mexico and large numbers of species extending southward into 
Chile and Argentina and northward through Arizona and into adjoining states. 
Some cacti are found in almost every state in the United States. 

There is currently a lack of agreement on the generic limits within the family, 
and opinions of cactus specialists differ as to the number of genera. This is par- 
ticularly true as regards the South American cacti. A current figure places the 
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total number of genera at about 120 with 37 in the United States. Schumann 
(1899) accepted 21 genera for the family, Britton and Rose (1923) recognized 
about 100, and Parish (1936) perhaps ultraconservatively reduced these to 26. 
If the genera established for the South American cacti are accepted as taxonomi- 
cally valid the total number for the family is in excess of 150. The fleshy character 
of cacti makes it difficult to prepare adequate and abundant herbarium specimens. 
This, plus the paucity of morphological differentiation in floral and reproductive 
characters, and an absence of basic cytological differences, has resulted in the 
establishment of many genera and species almost exclusively on vegetative features. 
Conservative cactologists, placing more reliance on differences of reproductive 
rather than on vegetative structures, have rejected the high number of genera result- 
ing from the “splitting” alleged to have been practiced by Britton and Rose and 
their successors, and consider the genera in this country to be 5-8. Regardless of 
the generic concept accepted, there is reasonable agreement that the number of 
species for the family is between 1200 and 1800. Reference should be made to the 
works by Britton and Rose, Small, and Kearney and Peebles for data on the dis- 
tribution of members of the family in the United States. 

The Cactaceae are characterized, in general, by the fleshy habit, the spines or 
glochids arranged in areoles, the flowers solitary and with an undifferentiated peri- 
amh of very numerous segments basally fused to form an hypanthium, the numer 
ous stamens arranged spirally or in clusters and the glochidiate spiny or bristly 
berry. 

Engler placed the Cactaceae in the Opuntiales, an order he considered to have 
been derived from the Parietales. Mez, on the basis of the flo'*al plan and sen - 
logical data, considered them as allied to the Loasaceae and within the Parietales. 
Bessey and Hutchinson placed them near the Cucurbitaceae. However, as pointed 
out by Wettstein, by Hallier, by Buxbaum (1948), by Maheshwari (1945), and by 
Martin (1946), evidence is available from the embryology, floral morphology, and 
anatomy to suggest their transfer to a position within or near the Centrospermae. 
Buxbaum (1944) further derived them from the Phytolaccaceae and considered 
them to represent an example of parallel evolution with the Aizoaceae. 

The family is composed of 3 subfamilies: (1) Pereskioideae, with flat somewhat 
fleshy leaves, spines, and flowers in panicles (Pereskia and Maihuenia); (2) Opun- 
tioideae, succulents with usually flattened jointed stems (pads), small cylindrical to 
subulate caducous leaves, glochidiate areoles, and rotate flowers (Opimtia, Peres- 
kiopsis, and Nopalea, the best-known genera); and (3) Cereoideac, succulents, 
leaves reduced to minute scales, areoles without glochidia, flowers (except in 
Rhipsalis), funnelform or salverform (includes most other genera). 

Economically the Cactaceae are of domestic importance as ornamentals and 
are cultivated extensively in the open or under glass in all parts of the country. 
About 130 genera and over 1200 binomials are listed currently in the trade litera- 
ture as cultivated in this country. The fruit of the Indian fig or prickly pear 
{Opimtia spp.) is edible and a product common in Mexican markets. 

LITERATURE: 

Backeberg, C. Blatter fur Kakteenforschung, 1934-1938. 

. Zur Geschichte der Kakteen. Cactaceae, Zweiter Teil, 1942. 

. Eine neue Sippe: Lobiviae. Kakteenkunde, 11-19, 1943. 

Backeberg, C. and Knuth, F. M. Kaktus-ABC. Copenhagen, 1935. 

Baxter, E. M. California Cactus. Los Angeles, Cal., 1935. 

Beard, E. C. Some chromosome complements in the Cactaceae and a study of meiosis 
in Echinocereus papillosus. Bot. Gaz. 99: 1-21, 1937. 

Benson, L. The cacti of Arizona. Bull. Univ. Ariz. Biol. Sci. 4: 1-134, 1940. 

.A revision of some Arizona Cactaceae. Proc. Cal. Acad. iV, 25: 245-268, 1944. 

Berger, A. Kakteen. 1-346, 1929. 
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Boissevain, C. H. and Davidson, C. Colorado cacti. 72 pp. Pasadena, Cal., 1941. 

Bokg, J. Cacti. 419 pp. New York, 1937. 

Bravo, H. Las cactaceas de Mexico. Mexico, D. F., 1937. 
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Argentino Cien. Nat. Publ. 86: 383 419, 1938 
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Cacti of the Canyon of the Colorado River and Tributaries. Bull. Torrey Bot. 

Club, 68: 409-419, 1941. 

Craig, R. T. The Mammiilana handbook, with descriptions, illustrations, and key to 
the species of the genus Mammillaria of the Cactaceae. Pasadena, Cal., 1945. 

Croizat, L. a check list of Colombian and presumed Colombian Cactaceae. Caldasia, 
9: 337-355, 1944. 

Engelmann, G. Synopsis of the Cactaceae of the Territory of the United Slates and 
adjacent regions. (Proc. Amer. Acad, iii), Cambridge, 1856. 

Engler, a. Historische Entwicklung der Ansichten uber die systematische Stellung der 
Reihe Opuntiales. In Engler and Prantl, Die naturlichen Pflanzenfamilien, ed. 2, 21: 
592-594, 1925. 

Haselton, S. E. Epiphyllum handbook. Pasadena, Cal., 1946. 

Jl/S'i, T. The use of embryological formulas in plant taxonomy. Bull. Torrey Bot. Club, 
73: 351-355, 1946. 

Maheshwari, P, The place of angiosperm embryology in research and teaching. Journ. 
Indian Bot, Soc. 24: 25 41, 1945. 

Marshall, W. T. and Bock, T. M. Cactaceae, with illustrated keys of all tribes, sub- 
tribes and genera. 227 pp. Pasadena, Cal., 1941. 

Martin, A. C. The comparative internal morphology of seeds. Amer. Midi. Nat. 36: 513- 
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Small, J. K. Chronicle of the cacti of eastern North America. Journ. N. Y. Bot. Gard. 
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Vaupel, E. Cactaceae. In Engler and Prantl, Die natiirlichen Pflanzenfamilien, ed. 2, 21: 
594 651, 1925. 


ORDER 32. MYRTIFLORAE 


The Myrtiflorae were characterized by Engler as a taxon whose components 
showed a transition from perigyny (in the more primitive) to epigyny; the stem 
tissues in general contain an internal phloem (intraxylary phloem), the leaves are 
more often opposite than alternate, the flowers are cyclic, and the development of 
an hypanthium (sometimes wholly adnate to the ovary) is distinctive. 

The order was subdivided by Engler and Diels into 4 suborders, and treated as 
composed of 23 families, as follows (names of families not treated in this text are 
preceded by an asterisk): 

Thymelaeineae 
♦Geissolomataceae 
♦Penaeaceae 
♦Oliniaceae 
Thymelaeaceae 
Elaeagnaceae 
Myrtineae 
Lythraceae 
♦Heteropyxidaceae 


♦Sonneratiaceae 
♦Cryptei oniaceae 
Punicaceae 
♦Lecythidaceae 
Rhizophoraceae 
Nyssaceae 
Alangiaceae 
Combretaceae 
Myrtaceae 


Melastomaceae 

Hydrocaryaceae 

Onagraceae 

Haloragaceae 

Hippuridineae 

Hippuridaceae 

♦Thelygonaceae 

Cynomoriineae 

♦Cynomoriaceae 


105 The name Myrtiflorae was used by Eichler and adopted by Engler and associates, 
and by Rendle. Wettstein adopted the conventional ending -ales and designated the order 
the Myrtales, as also did Bessey and (with much narrower circumscription) Hutchinson. 
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Wettstein accepted the order to be of the same circumscription as did Eichler 
and Engier, but included the Hydrocaryaceae within the Onagraceae and separated 
the Gunneraceae as a family distinct from the Haloragaceae. Bessey also accepted 
the Eichler- Engier views for the most part, but retained the Nyssaceae within the 
Cornaceae (of the Umbelliflorae), and transferred the Thymelaeineae to his 
Celastrales. Rendle followed the Engier treatment, but accepted the Nyssaceae and 
Alangiaceae as separate families of the Umbelliflorae and noted (p. 423) that they 
were “regarded as more nearly allied to the Myrtiflorae.” Hallier included the 
Thymelaeineae in his Daphnales, restricted the Myrtiflorae (as the Myrtines) to 
include, among the families here treated, the Lythraceae, Lecythidaceae, Rhizo- 
phoraceae, Combretaceae, Myrtaceae, and Melastomaceae. He placed the Alangi- 
aceae in his Santalales, the Nyssaceae in the Cornaceae, the Onagraceae (including 
the Hydrocaryaceae) in his Polygalines, and the Haloragaceae (including the 
Hippuridaceae) in his Ranales. Hutchinson distributed these families among 5 
orders: the Thymelaeaceae in the Thymelaeales, Elaeagnaceae in the Rhamnales, 
the Lythraceae, Punicaceae, Onagraceae (including Hydrocaryaceae), and Halora- 
gaceae (including Hippuridaceae) in his Lythrales, the Nyssaceae and Alangiaceae 
in the Umbelliflorae, and the balance of those treated here in his Myrtales. 


THYMELAEACEAE.'®® MEZEREUM FAMILY 



Fig. 231. THYMELAtACEAE. A, Pimelea ferrugmea: Aa, flowering branch, X I/2; Ab, flower, 
X 2. B, Daphne C neorum: Ba, flowering branch, X Vi, Bb, flower, X 1; Be, same, vertical 
section, X 2; Bd, ovary, cross-section, X 10. (From L. H. Bailey, Manual of cultivated 
plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Trees or shrubs, rarely herbs; leaves alternate or opposite, simple, persistent or 
deciduous, entire, estipulatc; flowers bisexual or unisexual (when unisexual the 
plants mostly dioecious), actinomorphic, terminal or axillary, sometimes solitary, 
mostly racemose to umbellate, the sepals 4-5, imbricated, petaloid, usually connate 
and developed into a tube with spreading lobes, the petals scalelike, 4-12 (or 
absent), arising usually from near the mouth of the tube; stamens as many as the 
sepals and alternating with them, or twice as many, or reduced to 2, perigynous, 
the anthers 2-celled, introrse, dehiscing longitudinally; an hypogynous nectiferous 
disc (annular, cupular, or of scales) often present; pistil 1, the ovary superior, the 
locules 1 or less commonly 2, the carpels typically 1, the ovule anatropous, solitary 
and pendulous (when biloculate, the ovary has 1 ovule in each locule), the style 
1 or none and stigma typically discoid; fruit a drupe or nut, rarely a capsule or 
berry; seeds with straight embryo, the endosperm copious or absent. 

160 The name Thymelaeaceae Meiss. (1857) is conserved over Daphnaceae St. Hil. 
(1805), Thymelaceae Lindl. (1836) et al. 

^07 It is probable that this so-called calyx tube is a true hypanthium of appendicular 
origin as is evidenced by the reduced petals and the stamens borne on it. 
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A family of 40 genera and about 500 species, of nearly cosmopolitan distribu- 
tion (absent in coldest regions), with centers of concentration in South Africa, 
Australia, the Mediterranean region, and the steppes of central and western Asia. 
It is represented in the United States by the 2 indigenous species of Dirca, D. occi- 
dentalis of California and D. palustris of eastern North America. The European 
Duphne Mezereum has become adventive in parts of the northeastern area. The 
larger genera of the family include Gnidia (90, Africa Pimelea (80, New Zea- 
land, Australia to New Guinea), Daphne (50, Eurasia), and Thymelea (20, Med- 
iterranean region). 

The Thymelaeaceae are distinguished by the seemingly uniseriate gamosepalous 
perianth, the perigynous stamens of definite number, the petals reduced to hypan- 
thial appendages, and the superior typically unilocular and uniovulate ovary. 

Hutchinson (1948) reversed his earlier views, that the affinities of the family 
were with the Caryophyllales via the Geraniales, and stated, “I now consider the 
Thymelaeaceae to be apetalous relatives of the Bixaceae, especially of the exotic 
family Flacourtiaceae.” Bessey included the family in his Cclastrales. Hallier 
treated it as the primitive taxon of his Daphnales, an order of 4 families that he 
considered to have been derived from the Linaceae. 

In this country, a dozen or more species of shrubs representing the genera Dais, 
Daphne, Dirca (Icatherwood), Edgeworthia (paper bush), and Pimelea (rice 
flower) are cultivated for ornament, especially in the warmer parts. 

LITERATURE: 

Domke, W, Untersuchungcn uber die systematische und gepgraphische Gliederung der 
Thymelaeaceen nebst einer Neubeschreibung ihrer Gattungen. Bibl. Bot. 27 (111): 
1-151, 1934. 

Gilo, E. Thymelaeaceae. In Engler and Prantl, Die natiirlichen Pflanzenfamilien, III 
<6b): 216-245, 1894. 


ELAEAGNACEAE.'«« OLEASTER FAMILY 



Fig. 232. Elaeagnaceae. A, Elaeaumis umhellata: Aa, flowering branch, X t/2; Ab, flower, 
X 1; Ac, ovary, vertical section, X 5; Ad, flower, calyx expanded, X 2. B, Hippophae 
rhamnoides: fruiting branch, X V 2 . (From L. H. Bailey, Manual of cultivated plants. 
The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Mostly erect shrubs, seldom trees, vegetative parts densely covered in part with 
silvery, brownish, or golden colored lepidote or stellate hairs, branches sometimes 
spiny; leaves alternate, opposite, or whorled, simple, entire, estipulate; flowers 
bisexual or unisexual (the plants then dioecious as in Shepherdia or Hippophae, or 
polygamodioecious as in Elaeagnus), actinomorphic, axillary, solitary or in clusters 
or racemose, the perianth seemingly uniseriate and developed into an hypanthium 
(the tubular receptacle of authors), saucer-shaped to tubular, the lobes 4 (rarely 

108 The name Elaeagnaceae has been conserved for this family. 
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2 or 6), valvate; stamens as many or twice as many as lobes, perigynoiis, arising 
from the hypanthium, a lobed perigynoiis disc usually present; pistil 1, the ovary 
superior, unilocular, 1-carpelled, the ovule solitary, basal, anatropous, the integu- 
ments 2, the style and stigma 1; fruit a dry and indehiscent achenc enveloped by 
the fleshy persistent perianth and hence drupaceous; seed with straight embryo and 
scant or no endosperm. 

A family of 3 genera and about 45 species (of which 40 belong to hU:p>ignus)\ 
mostly steppe and rock plants, chiefly of southern Asia, Europe, and North Amer- 
ica. The family is represented in the United States by 2 indigenous species of 
Shepherdia occurring over much of the boreal part of the continent, and 1 of 
EUiea^niis of similar distribution. Two Japanese species of Ehieagmis are naturalized 
in the southeast. Nelson (1935) rejected the validity of generic distinctions and 
treated all spec es as belonging in Elaeagnus. 

The Elaeagnaceac are readily distinguished by the silvery to golden-brown 
lepidote or stellate indumentum that densely covers the twigs, lower side of leaves, 
and hypanthia, and by the achenes enveloped by the fleshy persistent perianth. 

Most phylogenists have considered the Elaeagnaceae to be closely allied to the 
Thymelaeaceae and have treated the 2 families similarly as noted under the Myrti- 
florae (p. 625). However, Hutchinson (1948) included the Elaeagnaceae in his 
Phamnales, believing them to be “a more advanced group than and related to 
Vne Rhamnaceae.” 

Economically the family is important domestically for the several shrubs culti- 
vated for ornament, notably the buffalo berry {Shepherdia argentea), the oleaster 
(Elaeagnus angustifoUa) and related species, and the sea buckthorn {Hippophae 
rhamnoides ) . 

LITERATURE: 

Gilg, E. Elaeagnaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, III (6b): 
246 251, 1894. 

Nelson, A. The Elaeagnaceae — a mono-generic family. Amer. Journ. Bot. 22: 681-683, 
1935. 

SFRVhrTAZ, C. Monographic des E16agnacees. Beih. Bot. Centralb. 25 (2): 1 420, 1909 

LYTHRACEAE.'«® LOOSESTRIFE FAMILY 

Herbs, shrubs, or trees (rarely spinescent, as in Lawsonia spp.); leaves usually 
opposite or whorled, simple, mostly entire, stipules minute or commonly absent; 
flowers bisexual, generally actinomorphic (occasionally zygomorphic, as in 
Cuphea), cleistogamous flowers present in some genera, pengynous, an hypanthium 
present and sometimes subtended by an epicalyx of connate pairs of bracts (as in 
Ly thrum), the sepals commonly 4, 6, or 8, valvate, seemingly marg'nal on the 
hypanthium (receptacle or calyx tube of most authors), the petals of same number 
as sepals or absent (as in Peplis or Rotala), seemingly distinct and arising from 
rim or upper inner surface of hypanthium, alternate with sepals, crumpled in bud, 
imbricated, often fugacious; stamens usually twice as many as petals, in 2 whorls, 
those of outer whorl alternate with petals and emerging from hypanthium some 
distance below them, occasionally 1 whorl missing or stamens reduced to 1 (rarely 
the stamens very numerous), the filaments usually unequal in length, the anthers 
2-celled, introrse, dorsifixed, dehiscing longitudinally; pistil 1, the ovary superior, 
sessile or short-stipitate, the locules and carpels usually 2-6 (rarely the locule 1), 
the placentation typically axile (septa sometimes disappearing in upper part of 
ovary), the ovules several to numerous on each placenta, anatropous, ascending, 

^®®The name Lythraceae Lindl. (1836) is conserved over Ammanniaceae Horaninov 
(1834) and Salicariaceae Desvaux (1827). 
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the style 1 (heterostyly occasional), the stigma usually discoid or capitate; fruit a 
variously dehiscing capsule; seeds with a straight embryo, the endosperm lacking. 

There are about 23 genera and 475 species known for the family; generally dis- 
tributed, but abundant in the American tropics. Most of the tropical elements are 
woody shrubs (trees in Lagerstroemia and Lafoensia) while those of temperate 
regions are suffrutescent of herbaceous. The Lylhraceae are represented in the 
United States by 1 or more indigenous species of Ly thrum (25-7, widespread), 
Amnuinnia (20-4, widespread but more common to the south), Rotala (35-2, 
A'idespread), Didiplis (monolypic, Minnesota to Texas and Florida), Decodon 
imonotypic, eastern and central), Cuphea (Parsonsia) (200-6, Kansas to Georgia 
ind southward, 1 species to New England), and Heimia (2-1, western Texas). 



Fig. 233. Lythraceae. A, Ly thrum Salicaria: Aa, flowering branch, X 14; Ab, flower, 
X 1; Ac, same, vertical section, X 2; Ad, flower, perianth expanded, X 2; Ae, ovary, cross- 
section, X 12. B, X Cuphea purpurea: Ba, flowering branch, X Bb, flower, side view, 
X (A; Be, flower, face view, X Vi: Bd, flower (less petals), hypanthium expanded, 
X 1 / 2 ; Be, ovary, cross-section, X 4. (From L. H. Bailey, Manual of cultivated plants. The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

The family is distinguished by the presence of the hypanthium, the superior 
ovary, the crumpled corolla, the often unequal stamens of typically twice the 
num'^er of sepals, and the seed without endosperm. 

Econcmically the family is of importance for members of ornamental value, 
notably the Crepe myrtle {Lagerstroemia indica) widely cultivated in warmer parts 
of the country, henna or mignonette tree {Lawsonia inermis) grown in California 
and much of the south, a dozen species of Cuphea as garden annuals, and the 
spiked or purple loosestrife {Lythrum Salicaria). 

LITERATURE: 

Kouhnl, E. Lythraceae. In Engler and Prantl, Die nalurlichen Pflanzenfamilien, III (7): 

1 16, 1898. 

. Lythiaceae. In Engler, Das Pflanzenreich, 17 (TV. 216): L 326, 1903. [See also. 

Nachlrage, m Engler Bot. Jahrb. 41: 74 110, 1907.] 

PUNICACEAE. POMEGRANATE FAMILY 

Shrubs or small trees, sometimes spiny, estipulate; twigs caducously 4-winged; 
leaves mostly opposite or fasciculate, simple, eglandular; flowers bisexual, actino- 
morphic, terminal and solitary or cymose, usually perigynous, a tubular to urceolate 
hypanthium present (calyx tube or receptacle of authors) and adnate to ovary, the 
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calyx lobes (sepals) 5-8, valvate, fleshy, the corolla lobes (petals) 5-7, imbricated, 
emerging from edge of hypanthium, crumpled in bud; stamens very numerous, 
emerging in many whorls from within upper half or more of hypanthium, the 
filaments distinct and nearly equal, the anthers 2-celled, dorsiflxed, dehiscing 
longitudinally; pistil 1, the ovary inferior, the locules and carpels generally 8-12 
(3m some spp.), in early ontogeny of ovary the locules in 2 concentric whorls and 
the placentation axile, but as development progresses the outer series of mostly 
5-9 locules is carried upward and ultimately superposed over (or alternated with) 
the originally “inner” series (of usually 3 locules) and the placentation of the 
upper series transposed to a parietal position, the ovules numerous, anatropous, the 
style and stigma 1; fruit a berry with persistent calyx lobes; seeds with a fleshy testa 
that forms the pulp within the fruit, the embryo straight, the endosperm absent. 



Fig. 234. PuNiCACEAE. Punica Granatum: a, flowering branch, X b, flower, vertical 
secl.on (less calyx), X 1; c, ovary, cross-section, upper part, X 1; d, same, lower part, 
X 1; e, fruit, X Vi; f, fruit, cross-section, lower half, X Vi. (From L. H. Bailey, Manual 
of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 

A unigeneric family of 2 species (Punica Granatum the pomegranate, and 
P. Protopunica) a native of semitropical Asia but widely naturalized pantropically. 
Early authors (including Bentham and Hooker and Hallier) included the genus in 
the Lythraceae. The pomegranate is cultivated in warm parts of this country for 
its edible fruits and as a decorative ornamental. 


LITERATURE: 

Niedenzu, F. Punicaccae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, III 
(7): 22-25, 1898. 

,^X^IZOPHORACEAE.'’“ MANGROVE FAMILY 

Shrubs or trees, mostly of tropical shores, nodes swollen; leaves usually opposite, 
coriaceous and persistent, stipules caducous or none; flowers bisexual (rarely uni- 
sexual by abortion, the plants then monoecious), actinomorphic, axillary, solitary 
or cymose, perigynous to epigynous, the sepals 3-14, more or less basally connate, 
valvate, persistent, the petals of same number as sepals and often smaller, usually 
fleshy or coriaceous, distinct and often clawed, frequently lacerate or emarginate, 
convolute or inflexed in bud; stamens 2-4 times as many as sepals, usually in 1 
series, often in pairs opposite the petals, situated on the outer edge of a lobed 
perigynous or epigynous disc, the filaments mostly very short, the anthers introrse, 
typically 4 -celled at anthesis (pollen sacs numerous in Rhizophora), dehiscence 
generally by longitudinal ruptures; pistil 1, the ovary variable in position depending 
on degree of adnation of perianth (i.e., superior, half inferior, or completely 
inferior), the locules and carpels 2-4 (rarely unilocular by suppression of septa o" 

The name Rhizophoraceae has been conserved over other names for this family. 
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carpels and locules sometimes 5), the placentation axile, the ovules usually 2 from 
each placenta, pendulous, anatropous with micropyle upward and outward, the 
style usually 1, the stigma with mostly as many lobes as carpels; fruit usually a 
berry, somewhat juicy, terminated by the persistent calyx, rarely dehiscent (rarely 
a dry dehiscent capsule or a drupe); seeds with straight and often green embryo, 
endosperm usually present, the seed (in some genera) germinating within the fruit 
while latter remains attached to twig. 

A family of about 17 genera and 70 species. Several of the genera (Rhizophora 
8 spp., Ceriops 2 spp., Brugiiiera 6 spp., et al.) comprise the characteristic man- 
grove vegetation of muddy tidal flats and shore lines throughout the paleotropic 
regions of the world. In this country Rhizophora Mangle is the only indigenous 
species, and is restricted to muddy shores and to the everglades of peninsular 
Florida. 



Pig. 235. Rhizophoraceae. Rhizophora Mangle: a, flowering blanch, X V 2 \ b, flower, 
fiabit, X \Vi\ c, flower, veitical section, X 2; d, stamen, after anthesis, X 3; e, ovary, 
:ross-section, X 4; f, fruit, X V^; g, germinating fruit, X Vi. 


The family is distinguished by the coriaceous leaves, the stamens numerous and 
with anthers 4-chambered or the anther sacs numerous, the ovules typically 2 on 
2 ach placenta, the chlorophyllaceous cotyledons of the embryo and the seed often 
germinating within the fruit. 

It is of no domestic importance, but elsewhere tannin is made from bark and 
'oliage, and the wood is used for piling and underwater construction. 

LITERATURE: 

iiciLFR, F. E. The dispersal and establishment of red mangrove, Rhizophora, in Florida. 
(Tarib. Forester. 9: 299-310, 1948. 

Marco, H. F. Systematic anatomy of the woods of the Rhizophoraceae. Trop. Woods 
44: 1 20, 1935. 

Salvoza, F. M. Rhizophora. Nat. and Appl. Sci. Bull. Univ. Philippines, 5: 179 237, 
1936. [A monographic treatment.] 

ScHiMPiR, A. F. W. Rhizophoraceae. In Engler and Prantl, Die natiirlichcn Pflanzen- 
familien. III (7): 42 56, 1898. 

NYSSACEAE. NYSSA FAMILY 

Trees or shrubs, mostly dioecious; leaves alternate, simple, deciduous, estipulate; 
flowers minute, bisexual, or more commonly unisexual (when so the plants often 
polygamodioecious), actinomorphic, axillary, in umbellate, capitate, spicate, or 
racemose inflorescence (inflorescence subtended by 2 showy bracts in Davuiia), 
the perianth adnate to ovary, the calyx lobes 5 and toothlike or obsolete, the petals 
5 or more or absent, imbricate; stamens 5-10 (12), typically biseriate, exserted, the 
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anthers 2-celled, introrse, dehiscing longitudinally, dorsifixed or basifixed; central 
fleshy disc usually present; pistil 1, the ovary inferior, unilocular and uniovulale 
[Nyssa) or 6-10-loculed with each placenta axile and uniovulate (Davidia), the 
ovule pendulous, anatropous, the style 1, often reflexed or coiled, sometimes cleft, 
the stigma typically 1; fruit a 1 -seeded drupe or the stone 5-6-seeded; seed with 
straight embryo and scant endosperm. 

A family of 3 genera and 8 species of eastern North America and Asia. Nyssa 
(6 spp.) is indigenous to the United States and to Asia, extending from the length 
of the Atlantic coast west to Illinois and Texas. The other genera are monotypic: 
Davidia in China, and Cam plot heca in China west into Tibet. 



Fig. 236. Nyssacfae. Nyssa sylvatica: a, fruiting branch, X Vi; b, staminate flower, X 6; 
c, same, vertical section, X 6; d, bisexual flower, X 4; e, same, vertical section, X 4. (From 
L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copyright 
1924 and 1949 by Liberty H. Bailey.) 

The Nyssaceae are distinguished by the estipulate alternate leaves, the flowers 
solitary when bisexual, and when unisexual the staminate usually racemose or 
capitate, by the stamens usually twice as many as the petals, and the fruit drupa- 
ceous. The uniovulate ovary is distinctive when present. 

The family was retained in the Myrtiflorae alliance by Wettstein and Bessey, as 
well as by Rendle, who noted that there was evidence that it was more closely 
allied to the Cornaceae with which it was united by Hallier. Hutchinson included 
it in the Umbelliflores, and Rickett (1945) treated it as one of 2 families comprising 
the Cornales, an order close to and more advanced than the Umbellales. The view 
that the family has evolved from the Cornaceae, or stocks ancestral to it, was 
supported also by the cytological findings of Dermen (1932;. 

The family is domestically important for the pepperidge or sour gum tree (Nyssa 
sylvatica) cultivated to a limited extent as an ornamental prized for the usually 
brilliant coloration of the autumn foliage, and for the dove tree (Davidia involu- 
crata) of northern China. 

LITERATURE: 

Dfrmen, H. Cytological studies of Cornus. Journ. Arnold Arb. 13: 410-415, 1932. 
Miranda, F. El g6nero Nyssa en Mexico. Anales Inst. Biol. Mexico 15: 369-374, 1945. 
Rickett, H. W. Nyssaceae. North Amer. Flora, 28B: 313-316, 1945. 

IJPHO. , J. C. T. Die amerikanischen Nyj^a-arten. Mitteil. deutsch. dendr. Gesell. 43: 

2-16, 1931. 

Wangerin, W. Nyssaceae. In Engler, Das Pflanzenreich, 41 (IV. 220a): 1-20, 1910. 

ALANGIACEAE. ALANGIUM FAMILY 

Trees or shrubs, sometimes spiny; leaves alternate, simple, entire or lobed, 
estipulate; flowerj bisexual, actinomorphic, bracteate, with jointed pedicels in 
\xillary cymes, the perianth biseriate and adnate to ovary, the calyx lobes 4-10, 



632 


SELECTED FAMILIES OF VASCULAR PLANTS 


toothlike or obsolete, the petals as many as calyx lobes, valvate, linear to lorate, 
sometimes basally coherent, the corolla tubular and later spreading, more or less 
villous within; stamens as many as petals or 2-4 times as many, distinct, arising 
from an enlarged disc, the anthers 2-celled, dehiscing longitudinally; pistil 1, the 
ovary mfcrior, commonly 1- (rarely 2-) loculed, the carpels 2-3, the ovule solitary, 
pendulous, anatropous, the style and stigma 1, or of 2-3 lobes; fiuit a drupe, usu- 
ally crowned by the calyx lobes and disc; seed with straight embryo and copious 
endosperm. 

A unigencric family (Alangium) of about 22 species in the tropics and sub- 
tiopics of the Old World. One or 2 species of Alangium {Marlea) are cultivated 
domestically as half-hardy shrubs. 



Fig, 237, Alangiacfaf. Alangium chtnense: a, flowering branch, X Vi; b, flower, habit, 
X 1 X 2 ; c, same, vertical section, X IVi; d, ovary, vertical section, X 4; e, imdehisced 
stamen, X2; f, fruit, X 2. 

The family is closely related to the Nyssaceae-Cornaceae alliance, and is dis- 
tinguished from those taxa by the articulated pedicels, the valvate petals, the 
corolla somewhat villous within, and the ovary mostly with a single uniovulate 
locule. 

The Alangiaceae were not treated by Bessey, and by Hallier they were included 
in the Santalales (perpetuating an older view held by Reichcnbach and by Spach). 
Hutchinson accepted the family and included it in his Umbelhflorae. Its retention 
by Engler and Diels, with the Nyssaceae, here in the Myrtiflorae probably reflects 
the influence of the earlier views held by Wangerin (1910). 

LITERATURE: 

Wanglrin, W. Alangiaceae. In Engler, Das Pflanzenreich, 41 (IV. 220b): 1-24, 1910. 

COMBRETACEAE.'^' COMBRETUM FAMILY 

Trees or shrubs, often lianous, spinescent in some genera; leaves alternate or 
less commonly opposite, simple, estipulate; flowers bisexual (rarely unisexual), 
actinomorphic or occasionally zygomorphic, bracteate, spicate, racemose or panicu- 
late, the perianth typically biseriate, the parts fusing to form an hypanthium 
(receptacle or calyx tube) that is adnate to ovary, the calyx lobes (sepals) 4-5 (8), 
persistent, valvate, the corolla lobes typically of same number or absent, imbricated 
or valvate, small; stamens usually 2-5 or twice as many as calyx lobes and biseriate, 
the anthers versatile, 2-celled, dehiscing longitudinally: pistil 1, the ovary inferior, 
unilocular, mostly with as many ribs or angles as calyx lobes and alternate with 
them, the ovules 2-6, anatropous, pendulous on long funiculi from locule apex, the 

The name Combretaceae has been conserved over other names for this family. 
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and the adjoining islands. 10 vols. Melbourne, 1879 84. 

NiLdenzu, F. Myrtaceae. In Engler and Prantl, Die naturlichen Pflari:'enfamilien, 111 
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Sci. IV. 17: 67-87, 1928. 

MELASTOMACEAE.'^'' MELASTOMA FAMILY 



Fig. 240. Melastomaceae. a, Tibouchina semidecandra: Aa, flowering branch, X Ab, 
flower, vertical section, X 1; Ac, ovary, cross-section, X 2; Ad, dimorphic stamens, X 1. 
B, Schizocentron elegans: flowering branch, X V 2 . (From L. H. Bailey, Manual of culti- 
vated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. 
Bailey.) 

Herbs, shrubs, or trees; erect, climbing, or epiphytic; leaves commonly opposite 
and decussate (one of a pair often smaller than the other), rarely alternate by 
abortion of one of a pair, simple, usually with 3-9 palmate more or less parallel 
veins closely and transversely anastomosing, oil glands lacking, estipulate; flowers 
bisexual, actinomorphic (slightly zygomorphic as to androecium), mostly 4-5- 
merous, cymose, the perianth biseriate, perigynous or epigynous, lacking any 
C' Tona, the sepals 5 (3-6), valvate or connate into a calyptralike hood, the petals 
mostly 5, distinct, imbricate or convolute; the stamens mostly twice as many as 

The spelling Melastomataceae was used in the list of nomina familiarum con- 
servanda of ed. 3 of the Rules, but (as noted therein by Weatherby) if Haloragaceae 
ma> be derived from Haloragis, the name Melastomaceae derived from Melastoma also 
seems acceptable. 


636 


SELECTED FAMILIES OF VASCULAR PLANTS 


petals in 2 whorls (rarely as many as petals by loss of 1 whorl and rarely more 
than twice as many), the filaments distinct, often geniculate, inflexed in bud, the 
anthers typically 2-ceIled (sometimes seemingly unithecate or 4-celled as in 
Conostogia and some spp. of Miconia), introrse, basifixed, each anther dehiscing 
usually by a single pore (rarely longitudinally or by a pore for each theca), con- 
nectives often variously appendaged; pistil 1, the ovary superior or more commonly 
inferior by adnation of hypanthium, locules and carpels usually 4-14 (rarely 
unilocular or carpels 2, 6 or more), the placentation axile (rarely seemingly basal), 
the OMiles usually very numerous on each placenta, anatropous, the style and 
stigma 1 and simple; fruit a loculicidal capsule or berry; seeds with minute embryo 
and lacking endosperm 

A large pantropical family of about 150 genera and 4000 species of which about 
3000 are American. In parts of Brazil, where the species are abundant, the family 
forms a characteristic component of the vegetation. It is represented m this country 
only in the east and southeast, where occur about 10 indigenous species of Rhexia 
along the Gulf and northward in decreasing numbers along the Atlantic coast to 
Maine, a second and West Indian genus Tetrazygia (16 spp.) is represented by a 
single species in southern Florida. The largest genera of the family include Miconia 
(900 or more), Tibouchina (200-|-), Leandra (200±), Clidemia (160±), Medinilla 
(160), Memecylon (130), and Sonerila (70). 

The family is distinctive and readily identified by the leaf venation and the 
stamen morphology. 

Economically the family is of little domestic importance. A few species of 
Rhexia, Tibouchina, Heterocentron, and Medinella are cultivated for ornament. 

LITERATURE' 

CoGNiAUX, A. Melastomacees. In de Candolle, Monographiae Phanerogamarum, 7: 

1 1256, 1891. 

GLhAsoN, H. A. The relationships of certain myrmccophilous Melastomes. Bull. Torre> 
Bot. Club, 58: 73-85, 1931. 

Krasser, F. Melastomataceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien. 
Ill (7): 130 199, 1898. 

(For recent treatments with keys, see those by Gleason in Flora of Surinam, Flora 
of Panama, etc.] 

TRAPACEAE."''^ WATER-CHESTNUT FAMILY 

A unigeneric family {Trapa) of 3 Old World aquatic species (Flerov, 1925, 
recognized 11 species), of which 1 (T. natans) is naturalized to an increasing 
extent in this country. Many botanists have retained the genus in the Onagraceae, 
but Trapa differs from members of that family in that the plants are floating 
annuals whose rosulate leaves have inflated petioles, and the flowers are character- 
ized by the absence of an inner whorl of stamens, the ovary is half inferior, always 
bilocular with a single pendulous ovule in each locule (1 of the 2 ovules often 
aborts), and the fruit is a 1 -seeded top-shaped drupe whose fleshy pericarp is early 
deciduous and covers a large 2-4-horned stony endocarp (pyrene), the seed has 2 
cotyledons markedly unequal in size (one very large, the other minute and scale- 
like). The horns of the characteristic pyrene (fruit of most authors) represent the 
persistent sepals and may be apically barbed. 

Engler and Diels placed this family ahead of the Onagraceae in their schema, 
but evidence obtained from the morphology of the flower and fruit strongly indi- 

The oldest name for this family is Trapaceae, first validly published by Dumortier 
in 1829. [Analyse des famillies, pp. 36, 144.] The later name, Hydrocaryaceae (1893), 
has been used, and in addition to having been superfluous when published, there is no 
genus Hydrocarya. 
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cates it to be a taxon derived by reduction from the Onagraceae. In addition to 
the differences of gross morphology that separate the Hydrocaryaceae from the 
Onagraceae, there are ample embryological (see Just, 1946) and cytological data to 
support the segregation. 



Fig. 241. Hydrocaryaceae. Trapa natans: a, plant in flower, X V4; b, flower, habit, X 2; 
c, same, vertical section, X 3; d, ovary, cross-section, X 6; e, fruit, less fleshy exocarp, 
X 1/2. 


LITERATURE: 

Flerox, a. F. De genere Trapa L. Bull. Jard. Bot. Rep. Russe, 24: 13-45, 1925. [Text 
in Russian with German summary.] 

Gams, H. Die Gattung Trapa L. Pflanzenareale, 1: 39-41, 1927. 

Just, T. The use of embryological formulas in plant taxonomy. Bull. Torrey Bot. Club, 
73; 351-355, 1946. 

Raimann, R. Hydrocaryaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, 
111 (7): 223-226, 1898. 

Vasil’ev, V. N. Systematics and biology of the genus Trapa L. Sovet. Bot. 15: 343-345, 
1947. (In Russian.) 


ONAGRACEAE.'^^ EVENING-PRIIVIROSE FAMILY 

Plants mostly herbs (occasionally aquatics), rarely shrubs {Fuchsia) or trees 
{Many a)', leaves alternate or opposite, simple, the stipules none or present and 
caducous (as in Fuchsia, Circaea); flowers solitary in axils or spicate to racemose 
(paniculate in Fuchsia spp.), bisexual, actinomorphic or infrequently zygomorphic 
(as in Lopezia), typically tetramerous, the perianth biseriate (corolla lacking in 
Ludwigia spp.) forming an hypanthium adnate to the ovary, the sepals (or calyx 
lobes) 4 or rarely 2-3-5 (6 in Jussiaea spp.), distinct or the hypanthium extending 
much above the ovary, valvate, persistent (as in Jussiaea and Ludwigia) or more* 
commonly deciduous, the petals (or corolla lobes) mostly 4, sometimes 2 or more 
or small or none, mostly clawed, convolute or imbricate; stamens usually the same 
number as corolla lobes or in 2 whorls and twice as many ( 1 fertile stamen and 1 
staminode in Lopezia), when biseriate those of outer whorl alternate with corolla 
lobes, distinct, arising from or near hypanthium rim, the anthers typically 2-celled, 
dehiscing longitudinally, sometimes each cell transversely divided into 2 (Circaea) 

^''^The Rules of Nomenclature provide that a family name is taken from that of its 
type genus. The type genus of this family is Oenothera L. but the name Oenotheraceae 
Warming (1879) is antedated by Onagraceae Dumortier (1829). Engler and others 
adopted the name Oenotheraceae for the family, and a few have used Epilobiaceae 
Horanmov (1834). No name has been conserved to date for the family. For discussion 
of this nomenclatural situation, see Sprague in Journ. Bot. (Lond.) 60: 72, 1922. 
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or several (Clarkia, et al.) false cells by transverse plates, versatile or innate, the 
pollen grains of different genera of distinctive morphology; pistil 1, the ovary 
inferior, the locules and carpels typically 4 (rarely 2 or 5), the placentation axile 
(septa sometimes incomplete), the ovules 1-many on each placenta, mostly hori- 
zontal 6r ascending, anatropous, the style 1 and slender, the stigma usually capitate, 
sometimes notched (Circaea) or with radiate branches (Oenothera and Epilohium 
spp.); fruit usually a loculicidal capsule, a berry (Fuchsia), a bristly 1-2-seeded 
nutlet {Circaea) or a 1 -seeded smooth nut (Gaura); seeds comose (Epilohium, 
Zauschneria) or glabrous, the endosperm lacking, the embryo straight or nearly so 



Fig. 242. Onagraceai?. A, Fuchsia hyhrtda: flowering branch, X Vi. B, Epilohium angusti- 
folium: comose seed, X Va. C, Oenothera pilosella: flowering branch, X 1. D, Lopezia 
coromita: flower, X 1 (p.s. petaloid staminodium). E, Clarkia elemns: Ea, flowering 
branch, X Vi (note doubling of corolla); Eb, flower, vertical section, less perianth, X 1: 
Ec, ovary, cross-section, X 4. (From L. H. Bailey, Manual of cultivated plants, The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

A family of about 20 genera and 650 species, of world-wide distribution, espe- 
cially in temperate regions of the New World but also abundant in South America. 
Genera having species indigenous to this country (together with approximate 
number of total species) include Oenothera (including Raimannia, Kneiffia, Hart- 
mannia, Pachylophus, Sphaerostigma, Anogra, Lavauxia, Galpinsia, and Chylismia) 
200, Epilohium 200, Jussiaea 40, Ludwigia 30, Gaura 18, Godetia 15, Lopezia 14, 
Boisduvalia 10, Gayophyttim 9, Clarkia 7, Zauschneria 5, FI any a about 8. 

The Onagraceae are distinguished by the flowers having typically the numerical 
plan of 2 or 4, and the inferior multiovulate ovary terminated by an hypanthium 
from whose rim emerge sepals, petals, and stamens. 

The family was included within the Myrtiflorae (or Myrtales) by Bessey, Wett- 
stein, and Rendle. Hallier included it as one of the primitive genera in his Polyga- 
lines (an order he treated as derived from the Linaceae), and Hutchinson included 
it within his Lythrales (an order considered to have been derived from the Cary- 
ophyllales). It was subdivided by Raimann into 8 tribes, based primarily on fruit 
characters, of which the following are represented by genera native in this country: 
Jussieae, Epilobieae, Hauyeae, Onagreae (with 6 subtribes), Gaureae, Fuchsieae, 
and Circeae (members of the Lopezieae do not extend northward from Mexico into 
this country). Most American botanists have retained the genus Trapa in this 
family, but recent studies have shown it to be distinct (see Maheshwari, 1945) and 
it is segregated here as the Hydrocaryaceae. 
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Economically the family is not of major importance. Species of most genera are 
cultivated domestically as ornamentals. The predominantly tropical American genus 
Fuchsia (100 spp.) provides a wide assortment of ornamental shrubs grown in the 
open in warm regions. 

LITERATURE: 

Baehni. C. and Bonner, C. E. B. La vascularisation des fleurs chez les Lopezieae 
(Onagracees). Candollea, 11: 305-322, 1948. 

. La vascularisation du tube floral chez les Onagracees. Candollea, 12: 345- 359, 

1949. 

Bhaduri, P. N. Cytological studies in the genus Gaura Ann. Bot. 5 (17): 1 14, 1941. 
[See also, op. cit. 6: 230- 244, 1942.] 

Bonner, C. E. B. The floral vascular supply in Epilohium and related genera. Can- 
dollea, 11: 277-303, 1948. 

Cleland, R. E. Cyto-taxonomic studies on certain Oenotheras from California. Proc. 
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Davis, B. M. The history of Oenothera hiennis. Linnaeus, Oenothera grandiflora Solander, 
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Rhodora, 17: 222-224, 1915. 

.The identity of Circaea canadensis and C. intermedia. Rhudora, 19: 85-88, 1917. 

.The identities of Epilohium lineare, E. densiim and E. ciliatum. Rhodoia, 46: 

377 386, 1944. 

Foster, R. C. The rediscovery of Riesenbachia Presl. Contr. Gray Herb. 155: 60-62, 
1945. [Shows flowers of the genus to have a corolla, contrary to earlier miscon- 
ceptions.] 

Gates, R. R. Early historico-botanical records of the Oenotheras. Proc. Iowa Acad. Sci. 
17: 85 124, 1910. 

. Some phylogenetic considerations on the genus Oenothera, with descriptions of 

two new species. Journ. Linn. Soc. Lond. (Bot.) 49: 173-197, 1933. 

Haussknecht, C. Monographic der Gattung Epilohium. 318 pp. Jena, 1884. 

Hilend, M. a revision of the genus Zauschneria. Amer. Journ. Bot. 16: 58-68, 1929. 
Hitchcock, C. L. Revision of the North American species of Godetia. Bot. Gaz. 89: 321- 
361, 1930. 

Johansen, D. A. A proposed phylogeny of the Onagraceae based primarily on numbe:* 
of chromosomes. Proc. Nat. Acad. Sci. 15: 882-885, 1929. 

. Studies on the morphology of the Onagraceae. VIII. Circaea pacifica. Amer. 

Journ. Bot. 21: 508-510, 1934. 

LivEiLLfe, H. Monographic du genre Oenothera. Bull. Acad. Internal. Geogr. Bot. 17; 
257-332, 1908. 

. Iconographie du genre Epilohium. 328 pp. Le Mans, 1910 11. 

Maheshwari, P. The place of angiosperm embryology in research and teaching. Journ. 
Indian Bot. Soc. 24: 25-41, 1945. 

M»'NZ, P. a. Studies in Onagraceae. I, A revision of the subgenus Chylismia of the 
genus Oenothera. Amer. Journ. Bot. 15: 223-240, 1928; II, Revision of North 
American species of the subgenus Sphaerostigma, genus Oenothera, Bot. Gaz. 85: 
233 270, 1928; III, Revision of the North American species of the subgenus Taraxia 
and Eiilobus of the genus Oenothera. Amer. Journ. Bot. 16: 246-257, 1929; IV, 
Revision of the subgenera Salpingia and Calyophis of the genus Oenothera. Op. cit. 
16: 702-715, 1929; V, The North American species of the subgenera Lavauxia and 
Megapterium of the genus Oenothera. Op. cit. 17: 358-370, 1930; VI, The sub- 
genus Anogra of the genus Oenothera. Op. cit. 18: 309-327, 1931; VII, The sub- 
genus Pachylophus of the genus Oenothera. Op. cit. 18: 728-738, 1931; VIII, The 
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subgenera Hartmannia and Gauropsis of the genera Oenothera and Gayophytum, 
Op. cit. 19. 755-778, 1932; IX, The subgenus Raimanma of the genus Oenothera. 
Op. cit. 22: 645 663, 1933; X, The subgenus Kneiflia and miscellaneous other 
species of Oenothera. Bull. Torrey Bot. Club, 64: 287 -306, 1937; XI, A revision of 
the genus Gaura. Op. cit. 65: 105-122, 211-228, 1939; XII, A revision of the New 
World species of ' Darwiniana, 4: 179 284, 1942; XIII, The American 

species of Ludwifiia. Bull. Torrey Bot. Club, 71: 152-165, 1944. 

. A revision of the genus Boisdnvalia (Onagraceae). Darwiniana, 5: 124-152, 1941. 

. A revision of the genus Fuchsia (Onagraceae). Proc. Cal. Acad. 25: 1-138, 1943. 

The Oenothera Hookeri group. El Aliso, 2: 1 47, 1949. 

Munz, P. a. and Hiichcock, C. L. A study of the genus Clarkia, with special refer- 
ence to its relationship to Godetia. Bull. Torrey Bot. Club, 56: 181-197, 1929. 

Raimann, R. Onagraceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, III 
(7): 199 223, 1893. 

Smith, J. D., and Rose, J. N. A monograph of the Hauyeae and Gongylocarpeae, tribes 
of the Onagraceae. Contr. U. S. Nat. Herb. 16: 287-298, 1913. 

Sprague, T. A. and Riley, L. A. M. A recension of Lopezia. Journ. Bot. 62: 7-16, 1924. 

.Notes on Raimanma and allied genera. Kew Bull. 1921: 198-201. 

HALORAGACEAE/’’ WATER MILFOIL FAMILY 

<11 


ng. 243. Haloragaceae. Myriophyllum exalhe.scen.s: a, flowering branch, X 1; b, staminate 
flower, X 5; c, pistillate flower, X 15; d, same, vertical section, X 10. (From L. H. 
Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copyright 1924 and 
1949 by Liberty H. Bailey. 

Diverse appearing aquatic or terrestrial herbs, rarely suffrutescent; leaves oppo- 
site or alternate (often within the same genus), sometimes whorled, very variable 
in size, pectinate when submersed, estipulate or (in Gunnera spp.) the stipules 
reduced to scales or an ochreate sheath; flowers usually unisexual (the plants 
monoecious or sometimes polygamomonoecious), actinomorphic, often minute, 
mostly subtended by a pair of bracteoles, solitary or in axillary clusters or corym- 
bose to paniculate, the perianth biseriate, unisermte or none, adnate to ovary, when 
present, the calyx limb 2-4-lobed or none, the petals (when present) 2-4 and 
deciduous, distinct, usually larger than calyx lobes, imbricated or valvate; stamens 
typically 4 or 8, when in 2 whorls those of outer whorl opposite the petals, distinct, 
filaments short, the anthers basifixed, 2-celled, dehiscing longitudinally; pistil 1, 
the ovary inferior, the locules 1-4, the carpels 4, the placentation axile, each locule 
with a single pendulous anatropous ovule, or when unilocular the ovule solitary, 
parietal, and pendulous, the styles as many as locules, the stigmas often plumose; 
fruit a small nut or drupaceous, sometimes winged; seed with a straight cylindrical 
or obcordate embryo and with endosperm. 

This IS the spelling adopted in Appendix II of ed. 3 of the Rules, as opposed to the 
older spellings of Halorrhagaceae or Haloragidaceae. For discussion see Sprague in 
Kew Bull. 1928, p. 354. The circumscription of the family in this text excludes Hippuris, 
here segregated as the Hippuridaceae. 
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A family of 8 genera and about 100 species, widely distributed on all continents. 
The largest genera include Haloragis with 60 spp. and Gunnera with 30 spp., both 
mostly of the southern hemisphere, and Myriophyllum 40 spp., cosmopolitan. It is 
represented in the United States by indigenous species of Proserpinaca (2 in the 
east), and Myriophyllum (1 species widespread M. brasiliense, 3 in the east, and 
3 in the west). 

The Haloragaceae are distinguished by the usually monoecious plants, the pre- 
dominantly unisexual flowers, the stamens 4 or 8, and the inferior ovary with a 
single ovule in each locule. The aquatic members have pectinately pinnate sub- 
merged leaves and the terrestrial have usually very large leaves (2-7 ft across) 
arising from a short stout stem. 

The family has been considered to be much reduced from (i.e., advanced over) 
the Onagraceae. Hal Her rejected this view and included it in his Ranales as a deriva- 
tive of the Nymphaeaceae. Hutchinson placed it as advanced over the Onagraceae 
in his Lythrales (including in it also Hippuris). Wettstein segregated Gunnera as a 
separate and more advanced family, the Gunneraceae, a view supported by the 
floral morphology, embryology, and gross morphology. 

Economically the plants are of little importance. Water milfoil {Myriophyllum) 
is of importance in limnological conservation practices and as an aquarium subject. 
Gunneras are gigantic herbs cultivated in warm areas to a limited extent for foliage 
effects. 

LITERATURE: 

Baldwin, J. T. Jr. Chromosomes of Proserpinaca. Rhodora, 4l: 584, 1939. 
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Petersen, O. G. Halorrhagidaceae. In Engler and Prantl, Die naturlichen Pflanzen- 
famihen, 111 (7): 226-237, 1889. I Incl. Hippuris.] 

Schindler, A. K. Halorrhagaceae. In Engler, Das Pflanzenreich, 23 (IV. 225): I 133, 
1905. 

Seidelin, a. Hippuridaceae, Halorrhagidaceae and Callitrichaceae. Meddelser 0m Gron- 
land, 36: 297 332, 1910. 

HIPPURIDACEAE. HIPPURIS FAMILY 


Fig. 244. Hippuridaceae. Hippuris vulgaris: a, plant (stem normally erect), X b, node 
with flowers in leaf axils, X 2, c, flower, habit, X 12; d, same, vertical section, X 12; e, top 
of flower showing style between anther cells, X 15. 

A family recognized by Engler and Diels (followirig Schindler, 1904) as com- 
posed of the single submerged aquatic species, Hippuris vulgaris. Plants of the 
family occur in the cool temperate regions of both the northern and southern 
hemispheres of the New World (naturalized in parts of the Old World). Most 
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American botanists treat the genus as composed of 3 species, and include it within 
the Haloragaceae. The description of the latter family as given above is circum- 
scribed sensu Engler and Diels and does not admit Hippuris. 

The family is similar to the Haloragaceae only in occupying an aquatic habitat. 
It differs in the leaves linear, entire, mostly in whorls of 6 or more, the submerged 
ones longer and more flaccid than the aerial, the stems sympodial (not monopodial), 
the flowers mostly bisexual, the perianth none, the androecium reduced to a single 
stamen, the ovary unilocular and the single pendulous ovule, the style 1 and fili- 
form, stigmatic down one side, situated in a groove formed by the lobes of the 
single anther. 

Hallier followed Bentham and Hooker and included both Hippuris and Calli- 
triche (of Callitrichaceae) in the Haloragaceae, but placed the family in his 
Ranales and considered it to have been derived from the Nymphaeaceae; Bessey 
accepted the Hippuridaceae as distinct from Haloragaceae, as also did Wettstein 
and Rendle. Hutchinson included Hippuris within the Haloragaceae but retained 
Callitriche in a family by itself. The evidence seems to justify recognition of the 
Hippuridaceae as a family distinct from the Haloragaceae. 

LITERATURE: 

JutL, H. O. Studien iiber die Entwicklungsgeschichte von Hippuris vulgaris. Nova Acta 
R. Soc. Upsaliensis, Ser. 4, 2(11), 1911. 

Schindler, A. K. Die Abtrennung der Hippuridaceen von den Halorrhagaceen. Engler’s 
Bot. Jahrb. 34. Beibl. 77, 1904. 

Order 33. UMBELLIFLORAE 

The Umbellifiorae are characterized by a tendency of the flowers to be in deter- 
minate umbels (simple or compound), by the simplification (by reduction) of 
floral parts, by epigyny, and by the carpels reduced to 2, and each uniovulate. 

The order was treated by Engler and associates to contain 3 families: Araliaceae; 
Umbelliferae; Cornaceae. 

This circumscription of the order was adopted by Rendle. It was accepted by 
Wettstein, who amplified it to include the Garryaceae, and whose views were fol- 
lowed by Bessey except that the latter included both Garrya and Nyssa within his 
concept of the Cornaceae. Hallier recognized only 2 families, the Cornaceae and 
the Umbelliferae (the Araliaceae included in the Umbelliferae). Hutchinson (1948) 
revised his earlier views (1926), and restricted his Umbellales to include only the 
Umbelliferae, with the Cornaceae included in his Cunoniales (the latter a deriva- 
tive of his Rosales) and presumed to be descended from the Philadelphaceae or 
from stocks ancestral to them. He treated the Araliaceae as a separate order, the 
Araliales. derived from the Cornaceae. Rickett (1945) recognized 2 orders: the 
Umbellales in which he placed the Araliaceae and Umbelliferae, and the Cornales 
which contained the Cornaceae and the Nyssaceae. If the latter view is accepted, 
the Old World Alangiaceae would also be placed in the Cornales. 

ARALIACEAE.'’^ GINSENG FAMILY 

Herbs, shrubs, or trees, sometimes lianous, occasionally dioecious; stems solid, 
pithy, often prickly; leaves alternate (rarely opposite), simple or more commonly 
palmately, ternately, or pinnately compound or decompound, the hairs often 
The name Umbellifiorae was used by Eichler and adopted by Engler and associates. 
Bessey, in an effort to terminate all orders uniformly with the ending -ales adopted 
Umbellales and was followed in this by Hallier, Hutchinson, and Rickett. 

^'^'^The name Araliaceae Vent. (1799) has been conserved over Hederaceae Gisecke 
(1792) and other names for this family. 
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CORNACEAE. DOGWOOD FAMILY 



Fig. 247. CoRNACEAE. Corniis stolomfera: Aa, inflorescence, X I/2; Ab, flower, X 2; Ac, 
flowei, vertical section, X 4; Ad. ovary, cross-section, X 8. B, C. florida: inflorescences 
with bracts, X Va. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Trees, shrubs, or suffrutescent subshrubs (woody Hanes in Griselinia spp.); 
leaves opposite or less commonly alternate, simple, sometimes persistent {Aucuha, 
et ai), usually petiolate, estipulate (branched-ciliate stipules in Helwingia) \ flowers 
small, bisexual or unisexual (the plant then usually monoecious or polygamodioe- 
cious, dioecious in Aucuba), actinomorphic, in cymes or panicles (rarely racemes), 
sometimes with large showy foliaceous bracts (as in Cornus florida, C. canadensis, 
et al.), the perianth biseriale, adnate to ovary, the sepals 4-5, the petals 4-5 (some- 
times absent), distinct, mostly valvate; stamens of same num'*er as petals and alter- 
nate with them, distinct, the filaments short, the anthers 2-cellcd, dehiscing laterally 
(rarely introrsely), basifixed or dorsifixed; pistil I, the ovary inferior, the locules 
and carpels 2-4 (rarely the locule 1), the placentation typically axile (parietal in 
Aucuha), the ovule 1 in each locule, anatropous, pendulous, with 1 integument; the 
style 1 or several, arising from an epigynous glandular ring or disc, the stigmas as 
many as styles and subcapitate; fruit typically a drupe, sometimes a berry (Aucuha, 
Griselinia) or rarely a syncarp; seed with small embryo in copious endosperm. 

A family of wide distribution, of about 10 genera and 90 species of tropical and 
temperate plants. Most species occur in the temperate regions of North America 
and Asia, but others occur in tropics and subtropics of South America and New 
Zealand (Griselinia 6 spp.), in New Zealand (Corokia 3 spp.), Indo-Malaysia 
(Mastixia 25 spp.), Madagascar (Kaliphora with 1 and Melanophylla with 3 spp.), 
continental South Africa (Curtisia 1 spp.), and temperate Asia (Aucuha 3, Hel- 
wingia 3, and Torricellia 3 spp.). Cornus (about 45 spp.) is chiefly an Asiatic and 
American genus. The family is represented in the United States by 15 indigenous 
species of Cornus. 

The Cornaceae are distinguished as woody or subligneous plants, with the 
perianth and androecium 4-5-merous, the ovary inferior, and the fruit a fleshy 
indehiscent drupe or berry. 

The family has been included in the Umbelliflorae by most botanists except 
Hutchinson 0948) who transferred them, on the basis of their woody habit and 
stem anatomy, to his Cunoniales as derivatives of his Philadelphaceae and “par- 
ticularly [from] the genus Broussiasia from the Pacific Islands.” He pointed out 
also that the Cornaceae and Araliaceae differed from the Umbelliferae in the 
petals commonly valvate rather than imbricate in bud. Several authorities have 
interpreted the American species of Cornus as belonging to 4 separate genera: the 
large bracted arborescent species (sect. Cynoxylon), represented by C. florida, as 
Benthamidia; the large bracted suffrutescent or seemingly herbaceous species (sect. 
Arctocrania), represented by C. canadensis, as Chamaepericlymenum; the non- 
1 racteate species with flowers in capitate heads that appear before the leaves (sect. 
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Tanycrania), represented by Cornus mas (an exotic species), and C. sessilis, as 
Macrocarpium\ and the remainder retained in Cornus. This view has been rejected 
by Rickett (1942, 1945). Dermen (1932) concluded from cytological evidence 
that Cornus mas was the primitive type of the genus, and that the C. fiorida and 
C. alternifolia lines were evolved from it as parallel derivatives. He also concluded 
that the Nyssaceae were derivatives from the Cornaceae, a view now accepted by 
most botanists. 

Members of the family are of domestic importance chiefly as ornamentals and 
for which use species of Aucuha, Cornus, Corokia, Griselinia, and Helwingia are 
cultivated. Fruits of the cornelian cherry {Cornus mas) are edible. 
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Order 34. DIAPENSIALES 

An order composed of the single family Diapensiaceae, closely allied to the 
Ericales and distinguished from them by the pollen never in tetrads, the gynoecium 
tricarpellate (true also of Clethraceae, of the Ericales), the stamens basically in 
2 whorls with 1 whorl reduced to staminodes, the integuments 2 (basally connate), 
and in differences in embryology. 

The family was included within the Ericales until 1924, when it was separated 
as a distinct order by Engler and Gilg. Prior to that time ii was treated by Engler 
and associates as advanced over the Ericaceae. Hallier included it in his Bicornes 
as the most advanced taxon of that order, a view also accepted in principle by 
Wettstein. Diels considered the family to have been derived from saxifragaceous 
ancestors (or their relatives) in the Rosales. 

DIAPENSIACEAE.'*'' DIAPENSIA FAMILY 

Low-growing evergreen shrubs, sometimes suffrutescent herbs {Galax); leaves 
alternate, somewhat imbricated or reniform and pctiolate, simple, seemingly 
estipulate; flowers bisexual, actinomorphic, hypogynous, the perianth biseriate, 
5-merous, the calyx 5-lobed or the sepals distinct, imbricated, persistent; corolla 
gamopetalous, the lobes 5, imbricated; no disc present; stamens 5, epipetalous and 
alternate with the lobes or hypogynous, distinct or basally connate in a ring, often 
alternating with staminodes, the anthers usually 2-celled, dehiscing longitudinally 
or (in Pyxidanthera) transversely; pistil 1, the ovary superior, the locules and 
carpels 3, the placentafion axile, the ovules few to numerous, anatropous or 
amphitropous, the style 1, the stigma 3-lobed; fruit a loculicidal 3-valved capsule; 
seeds with straight or slightly curved embryo and an abundant endosperm. 

A family of 6 genera and 10 species of the cooler and arctic regions of the 
The name Diapensiaceae has been conserved over other names for this family. 
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northern hemisphere. The family occurs in the New World mostly in the eastern 
mountainous regions of this country where it is represented by indigenous species 
of 4 genera (all but the first are monotypic endemics): Diapensia lapponica of 
circumpolar distribution extends southward into high elevations of the While 
Mountains of New England and the Adirondacks of New York; Shortia galacifolia, 
rare, in the mountains of the southeast; Pyxidanthera barhuhita, in sandy pine 
barrens of New Jersey to North Carolina; and Galax aphylla in open woods from 
Virginia to Georgia. 



Fiii. 24^. Diaplnsiacfae. A, Galax aphylla. Aa, habit in flower, X Vr; Ab, basal leaf, 
X W, Ac, flower, X 2, Ad, same, vertical section, X 3, Ae, ovaiy, cioss-section, X 8. B, 
Diapensia lapponica: flowering branch, X Vi. (From L. H. Bailey, Manual of cultivated 
plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

The Diapensiaceae are distinguished by the combinatic^n of a 5-merous perianth 
and androecium and trilocular ovary, the adnation of the stamens on the corolla, 
the pollen not in tetrads, and by the absence of a disc. 

Economically the members of the family are of little importance. Leaves of 
Galax aphylla are collected in the wild and preserved for decorative uses in the 
florist industry. Plants of Diapensia, Pyxidanthera, and Shortia are infrequently 
cultivated for ornamental purposes. 

LITERATURE: 

Baldwin, J. T. Jr. Galax: The genus and its chromosomes. Journ. Hered. 32: 249 254, 
1941. 
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Drudl, O. Diapensiaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, IV 
(1 )• 80 84, 1889. 

Evans, W. E. A revision of the genus Diapensia, with special reference to the Sino- 
himalayan species. Notes, R. B. G., Edinb., 15: 209 236, 1927. 

Jenkins, C. F. Asa Gray and his quest for Shortia galacifolia. Arnoldia, 2: 13 28, 1942. 
Prince, A. E. Shoitia galacifolia in its type locality. Rhodora, 49: 159 161, 1947. 

Order 35. ERICALES 

The Ericales are characterized by the flowers generally pentamerous, the petals 
distinct and free (in the primitive taxa) or more commonly basally connate, the 
stamens obdiplostcmonous and inserted at the edge of a usually hypogynous nec- 
tiferous disc, pollen often in tetrads, placentation axile, the ovules numerous anJ 
each with a single integument. 

The order was divided by Engler and Diels into 2 s: .borders, and treated as 
composed of 4 families, as follows: 

Ericineae Epacridineae 

Clethraceae Epacridaceae 

Pyrolaceae 
Ericaceae 

Sometimes known also as the Bicornes. 
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Various authors (including Rydberg in North American Flora) have included 
the Lennoaceae in this order but, for reasons given in the discussion accompanying 
it, that family has been transferred to the Tubiflorae, immediately preceding the 
Boraginaceae. 


CLETHRACEAE. PEPPERBUSH FAMILY 



Fig. 249. CLfciHRACEAh. Clethta almjoUa: a, flowering branch, X •'i; b, flower, X 2; c, 
petal with stamens, X 2; d, anthers, X 10; e, flower, vertical section, X 4; f, ovary, cross- 
section, X 8, g, capsule, X 2. (From L. H. Bailey, Manual of cultivated plants, The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Tall shrubs or low trees {Schizocardia a large tree); leaves alternate, simple, 
estipulate; flowers bisexual, actinomorphic, hypogynous, very fragrant or spicily 
aromatic, in terminal racemes or panicles (axillary in Schizocardia), the calyx 
5-Iobed, imbricate, persistent around the fruit, the corolla polypetalous, saucer- 
shaped, the petals 5 and distinct; no disc present; stamens 10 (12), in 2 whorls, 
distinct, hypogynous, the filaments pubescent or glabrous, the anthers 2-celled, 
extrorse, sagittate, inverted or indexed in bud, dehiscing by apical pores, the pollen 
in single grains; pistil 1, the ovary superior, the locules and carpels 3 (5 in 
Schizocardia), mostly 3-lobed, the placentation axilc, the ovules numerous, 
anatropous, borne on placental intrusions, the style 1 and stigma 3-lobed; fruit a 
3-valved loculicidal capsule whose septa separate from the central column; seeds 
trigonous or flattened, sometimes winged, the embryo short, cyclindrical, the 
endosperm fleshy. 

Two genera are in the family: Clethra with about 30 species, mostly American 
or palcotropic (a few are Asiatic and some occur in the Madeira Islands), extend- 
ing from Maine to Brazil, and the arborescent monotypic Schizocardia, native in 
British Honduras. Clethra is represented in this country by 3 indigenous species; 
C. alnifolia along the coastal plain, C. acuminata in the mountains of Virginia to 
Georgia, and C. tomentosa on the coastal plain from North Carolina to Alabama. 

The Clethraceae are distinguished from other families of the order by the 
polypetalous corolla, the temporarily inverted anthers (in bud), the pollen grains 
single and not in tetrads, and the 3-locular ovary (5-loculed in Schizocardia) . 

The opinion of Asa Gray, that the family represented only a tribe of the 
Ericaceae, was followed by Bentham and Hooker and many American botanists. 
Klotzsch’s conclusion that the taxon deserved recognition as a family was accepted 
by Drude and subsequently by most phylogenists. Hallier treated it as the primitive 
taxon of his Bicornes and derived it from the Ochnaceae, as did also Wettstein. 
Bessey considered it the primitive family of his Ericales. 

A few species of sweet pepperbush or white alder (Clethra) are cultivated as 
ornamentals in many parts of the country and are prized for their fragrant summer 
bloom. 
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LITERATURE' 

Britton, N. L. Clethra. North Amer. Flora, 29: 3 9, 1914. 

Drudf, O. Clethraceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, IV ( 1 ) : 
1 2, 1889. 

Smith, A. C. and Standley, P. C. Schizocardia, a new genus of trees of the family 
Clethraceae. Trop. Woods, 32: 8-11, 1932. 


PYROLACEAE.'*^ PYROLA FAMILY 



Fig. 250. Pyrolaceae. Ramischia sectmda: a, flowering plant X V2\ b, flower, X 2; c, 
same, vertical section, X 3; d, anthers, side and ventral view, X 5; e, ovaiy, cross-section, 
X 5; f, capsule, X 2. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Perennial herbs with creeping scaly rootstocks or chlorcphyll-less fleshy sapro- 
phytes, sometimes briefly suffrutescent; leaves alternate, nearly opposite or in false 
whorls, simple, foliaceous or scalelike, persistent or deciduous, mostly coriaceous 
and toothed, estipulate; flowers bisexual, actinomorphic or nearly so, bracteate, the 
calyx of 5 distinct or briefly connate persistent sepals, the corolla waxy, the petals 
4-5, distinct, hypogynous; disc present or absent; stamens 8-10, distinct, hypogynous, 
the filaments often dilated basally, the anthers dorsifixed, 2-celled, the thecae (cells) 
slightly separated by a connective, and each produced into a tubelike apex with 
a terminal pore and the pollen in tetrads (opening by slits and the pollen grains 
single in Monotropoideae, often reflexed after anthesis so that the pore becomes 
distal; pistil 1, the ovary superior, 5-lobed, the locules and carpels 5 (sometimes 
the locules with incomplete septation at upper levels), the placentation typically 
axile with the placenta intruded into each locule and bifurcate, the ovules numer- 
ous in each locule, anatropous, the style and stigma 1; fruit a loculicidal capsule: 
seed with a loose testa (termed an aril by some authors), minute embryo and 
abundant endosperm. 

A family of 10 genera and about 32 species indigenous to the boreal and tem- 
perate regions of the northern hemisphere. It is represented by 2 subfamilies, the 
Pyroloideae with green foliaceous leaves and the Monotropoideae, lacking chloro- 
phyll and with scalelike leaves. In this country and Canada the Pyroloideae are 
represented by the monotypic Ramischia and Moneses, and Chimaphila (4 spp., 
1 in Japan and 3 in America). The Monotropoideae are represented by indigenous 
species of Allotropa (monotypic in the northwest), Monotropa (including Hypo- 
pitys) (4-3), Pterospora (monotypic. North America), Sarcodes (monotypic, 
Oregon to California and Nevada), Monotropsis (3, in the southeast), Pleurico- 
spora (2, Pacific coast), and Newberry a (3 to 5 spp. from Washington to 
California). 

The family is distinguished from the Ericaceae, to which it is closely related, by 

The name of this family was spelled “Pirolaceae” by Engler and associates. Foj 
the conectness of the spelling Pyrolaceae, see Sprague, T. A., Kew Bull. 1928: 359 360 
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the herbaceous habit, the corolla of distinct petals, and the uniformly loculicidal 
capsule. In this regard it should be noted that the genera of Ericaceae sect. Ledeae 
also have polypetalous corollas and that in the Ericoideae of the latter family the 
capsule may be loculicidal. 

Many botanists (including Hutchinson) have held the view that the Pyrolaceae 
are noi sufficiently distinct from the Ericaceae to be treated as a separate family. 
Others (including Small, Rydberg) have not only recognized the Pyrolaceae as a 
ta\on distinct from Ericaceae, but have accepted the segregation of the saprophytic 
chlorophyll-less Monotropoideae as a separate family, the Monotropaceae. Cope- 
land (1947) rejected the view that the Pyrolaceae and Monotropaceae represented 
separate families distinct from Ericaceae, a view held also by Henderson (1920), 
and treated the first as a tribe of Arbutoideae and the second as a subfamily 
presumed derived from the Andromedeae. Wodehouse (cf. Smith and Standley 
under Clethraceae) pointed out that the single pollen grains of Monotropoideae 
were unlike any other ericaceous pollen and held that the subfamily, unlike the 
Pyroloideae, was distinct from the Ericaceae. 

The family is of no economic importance except for the few species cultivated 
for ornament: pipsissewa or prince’s pine (Chimaphila), shinleaf (Pyrola), and 
one-floweied pyrola {Moneses). 
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ERICACEAE.'®^ HEATH FAMILY 

Mainly shrubs, occasionally suffrutcscent perennial herbs, trees, or rarely trailing 
or scrambling vines to 20 meters long; leaves alternate, sometimes opposite or 
whorled, simple, often coriaceous and persistent, estipulate; flowers bisexual, actino- 
morphic or slightly zygomorphic (as in Rhododendron spp.), solitary in axils or in 
axillary or terminal clusters, racemes, or panicles; perianth biseriate, parts of each 
series usually more or less connate, calyx typically 4-7 lobes (sepals sometimes 
distinct), usually persistent, the corojla of 4-7 sometimes distinct but usually con- 
nate petals, often funnelform campanulate or urceolate in form, convolute or 
imbricated; the stamens as mapy or more commonly twice as many as petals or 
corolla lobes, arising from the base of a disc (hypogynous in Rhododendroideae 
except for transition to epigynous within Gaultheria (Chiogenes), epigynous in Vac- 
cinioideae), distinct, the filaments sometimes flattened or dilated and basally cohe- 
rent to connate especially in the tropicaf Vaccinioideae and sometimes forming a 

^®''’The name Ericaceae DC (1805) is conserved over Rhodoraceae Vent. (1799). 
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tube, straight or S-curved, the anthers 2-celled, the thecae often saccate and basally 
bulbous, frequently appendaged, each theca dehiscing introrsely by a terminal pore 
or chink or longitudinally, pollen grains in tetrads; pistil 1, the ovary superior (in 
Rhododendroideae excepting certain spp. of Gaultheria) or inferior (in Vac- 
cinioideae), locales and carpels 4-10, typically 5, the placentation axile, the ovules 
usually numerous in each locule, anatropous, the style usually 1, conical to filiform 
(rarely with as many branches as carpels), the stigma simple; fruit a capsule or a 
berry (when capsular, the fruit may be baccate by its enclosure within the fleshy 
persistent and sometimes adnate calyx, as in Gaultheria); seed usually small, with 
straight embryo and fleshy endosperm. 



Fig. 251. Ericaceae. A, Rhododendron Vaseyi: Aa, inflorescence, X Vz; Ab, flower, less 
perianth. X 1; Ac, anther, X 5; Ad, ovary, cross-section, X 5; Ae, capsule, X 1. B, Enca 
meditetrunea. Ba, flowering branch, X 1; Bb, flower, X 2, C, Kaimia latifoha: Ca, flower- 
ing blanch, X V2; Cb, flower, x 1; Cc, same, veitical section, X 1; Cd, anther, X 5; C>, 
ovary, cross-section, X 6; Cf, capsule, side view, X 1; Cg, same, face view, X 1. D, 
L'lniiov vacilians: Da, flowering branch, X V 2 : Db, flower, X 2; Dc, same, vertical section; 
< 2; Dd, anther, X 5. (From L. H. Bailey, Manual 0 / cultivated plants. The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H.^Bajley.) 

The Ericaceae, as circumscribed above, are a family of about 70 genera and 
about 1900 species, very widely distributed on acid soils throughout temperate 
regions of northern and southern hemispheres and to a lesser extent in the subarctic, 
and from sea level to high elevations in the tropics. They are represented in the 
United States by about 25 genera. The larger genera of the family (together with 
approximate number of total and indigenous species) include Erica (650 spp.. 
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mostly South African), Rhododendron (700-25 concentrated in the mountains 
of east and southeast Asia), Gaultheria (100-5, incl. Chiogenes, chiefly tropical 
American), Vaccinium (130-45, abundant in tropical and subtropical mountains), 
Ar^:tostaphylos (55-30, mainly warm semideserts of North America), Gayliissacia 
(40-9, chiefly Brazilian), and Leucothoe (35-9). 

The family is distinguished from allied groups by a combination of characters 
such as predominantly shrubs, the stamens distinct (except in many tropical Vac- 
cinioideae), mostly twice as many as corolla lobes, and arising from a nectiferous 
disc (rarely adnate to corolla), and the ovary typically 4-more loculed. 

Opinion is divided on the internal classification of the family. Botanists follow- 
ing tradition accept it as a single family as circumscribed above; others interpret 
it as 2 families, the Ericaceae (with ovary superior and fruit typically a capsule), 
and the Vacciniaceae (with ovary wholly or partially inferior and fruit typically 
a berry). The evidence in support of each view is mainly subjective; until more 
objective evidence is forthcoming, the 2 subfamilies might well be treated as one. 

According to Engler and Diels, following Drude, the Ericaceae are comprised 
of 4 subfamilies: (1) Rhododendroideae, with sepiicidal capsule and seed often 
winged or libbed, the calyx deciduous, the stamens with erect or long adnate 
unappendaged anthers, the ovary superior; (2) Arbutoideae, with fruit a berry or 
loculicidal capsule, seed not winged, the calyx deciduous, the anthers appendaged 
and much folded, the ovary superior; (3) Vaccinioideae, with ovary inferior (other- 
wise the flowers superficially resembling the Arbutoideae); (4) Ericoideae, with 
ovary superior, fruit typically a loculicidal capsule or nut, the seeds round and not 
winged, calyx persistent, the anthers with short connective and the 2 cells apically 
spreading, often appendaged. 

Economically the family is of domestic importance primarily for its orna- 
mentals; notable exceptions are the cultivated blueberries and cranberries. Few are 
trees, notably the sorrel tree (Oxydendrum ); the majority are evergreen or less 
commonly deciduous shrubs. Among them are rhododendrons and azaleas {Rhodo- 
dendron), mountain laurel (Kalmia latifolia), leatherleaf {Leucothoe), androm- 
eda (Pieris), heather (Calluna), and heath {Erica); a few are suffrutescent 
perennials or subshrubs, as the Mayflower or trailing arbutus {Epigaea), winter- 
green {Gaultheria procumhens), and bearberry {Arctoitaphylos (Jva-ursi). The 
blueberry of commerce is the fruit of species of Vaccinium; the commercial cran- 
berry is the fruit of Vaccinium macrocarpon {Oxy coccus macrocarpus) . The name 
huckleberry, often used for low-growing species of Vaccinium, should be applied 
only to species of Gaylussacia. Most of the so-called briar pipes are made from 
burls of Erica arhorea (or related species) of the Mediterranean region. Foliage of 
Gaultheria Shallon of the Pacific states is sold as “lemon leaf” in eastern (U.S.) 
markets. 

LITERATURE: 

Abrams, L. R. Notes on some type specimens of Arctostaphylos. Leaf!. West. Bot. 1: 
84-87, 1934. 

.The dwarf Gaultherias in California. Madrono, 2: 121-122, 1934. 

Adams, J. E. A systematic study of the genus Arctostaphylos Adans. Journ. Elisha 
Mitchell Soc. 56: 1-62, 1940. 

Airy-Shaw, H. K. Studies in the Ericales: IV. Classification of the Asiatic species of 
Gaultheria Kew Bull. 1940: 306 -330. [Includes American spp. and merges Chio- 
genes with Gaultheria.] 

Baldwin, J. T. Jr. Chromosomes of Kalmiopsis. Rhodora, 40: 278 279, 1938. 

Copeland (1943) and Cox (1948), on the basis of anatomical and morphological 
evidence, recognize as taxonomically valid such genera as Azalea, Azaleastrum, Tsusio- 
phvllum, etc. 

185 pqj. discussions and evidence see papers by Camp, Sleumsr, Cox. and Copeland. 



DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 655 

. Cytogeography of Oxydendrum arhoreum. Bull. Torrey Bot. Club, 69: 134-136 

1942. 

Bowers, C. G. Rhododendrons and azaleas. Their origin, cultivation and development^ 
549 pp., New York, 1936. 

Camp. W. H. Studies in the Eiicales. 1. The genus Gavlussacia in North America nortV' 
of Mexico. Bull. Torrey Bot. Club, 62: 129-132, 1934. 

. Studies in the Ericales. IV. Notes on Chmtaphtia, Gaitltheria, and Penietya ii 

Mexico and adjacent regions. Bull. Torrey Bot. Club, 66: 7-28, 1939. 

.Phyllodoce hybrids. New Flora and Silva, 47: 207 211, 1940. 

. Studies in the Ericales: A review of the North American Gaylussacieae; with re 

marks on the origin and migration of the gioup. Bull. Torrey Bot. Club, 68: 531 
551, 1941. 

.On the structure of populations in the genus Vaccituum. Brittonia, 4: 189-204, 

1942. 

.Survey of American species of Vaccimum, subgenus Eiivaccmium. Brittonia. 4: 

205-247, 1942. 

.A preliminary consideration of the biosystematy of Oxvcoccus. Bull. Toirey Bot 

Club, 71: 426 437, 1944. 

. The North American blueberries with notes on other groups of Vacciniaceae. 

Brittonia, 5: 203-275, 1945. 

Copeland, H. F. A study, anatomical and taxonomic, of the genera oi Rhododendroi- 
deae. Amcr. Midi. Nat. 30: 533 625, 1944. 

Cox, H. T. Studies in the comparative anatomy of the Ericales. I. Ericaceae — subfamily 
Rhododendioideae. Amer. Midi. Nat. 39: 220 245, 1948. 

Darrow, G. M., et al. Chromosome numbers in Vcwciniitm and related groups. Bull. 
Torrey Bot. Club, 71: 498 506, 1944. 

Darrow, G. M. and Camp, W. H. Vacemnun hybrids and the development of new hor- 
ticultural material. Bull. Torrey Bot. Club, 72: 1-21, 1945. 

Drude, O. Ericaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, IV (1): 
15-65, 1889. 

Eastwood, A. A revision of the genera formerly included in Arctostaphylos. Leafl. West. 
Bot. 1: 97 100, 1934. 

. A revision of Arctostaphylos with key and descriptions. Leafl. West. Bot. 1 : 

105-127, 1934. 

Good, R. D’O. The genera PhvUodoce and Cassiope. Journ. Bot. (Lond.), 64: 1 10, 
1926. 

Hume, H. H. Azaleas, kinds and culture. New York, 1948. 

Matthew.s, J. R. and Knox, E. M. The comparative morphology of the stamen in the 
Ericaceae. Trans, and Proc. Roy. Soc. Edinb. 29: 248 281, 1926. 

Peck, M. E. Native rhododendrons of the Pacific northwest. Rhododendron Yeaib. 1947: 
87 -89. 

Rehder, a. Azalea or Loiseleuria. Journ. Arnold Arb. 2: 156 159, 1921. 

. Kalmiopsis, a new genus of the Ericaceae from northwest America. Journ. 

Arnold Arb. 13: 30-34, 1932. 

Rozanova, M. A. fA survey of the literature on the genera Vaccinium L. and Oxycoccus 
(Tourn.) Hill.] Bull. Appl. Bot. and PI. Breed. VIII. 2: 121-186, 1934. [Title and 
text in Russian, cf. pp. 173-186, for English summary and the bibliography.] 
ScHRFiBFR, B. O. The Arctostaphylos canescens complex. Amer. Midi. Nat. 23: 617 632, 
1940. 

Sinclair, J. The Rhododendron bud and its relation to the taxonomy of the genus. 

Notes Roy. Bot. Gard. Edinb. 19: 267 271, 1937. 

Sleumer, H. Ericaceae americanae novae vel minus cognitae III. Notizbl. Bot. Gart. 
Berlin, 13: 206 214, 1936. j Incl. key to Leucothoe spp. j 

. Vaccinioideen-Studien. Engl Bot Jahrb. 71: 375 510, 1941. 

Smith. A. C. The American species of Thibaudieae. Contr. U. S. Natl. Herb. 28: 311- 
54*7, 1932. 

Wherry, E. T. The American azaleas and their variations. Nat. Hort. Mag. 22: 158-166, 

1943. 

Wilson, E. H. and Rehder, A. A monograph of Azaleas. Publ. Arnold Arb. No. 9, 
1-219, 1921. 



656 


SELECTED FAMILIES OF VASCULAR PLANTS 


EPACRIDACEAE. EPACRIS FAMILY 



Fig. 252. Epacrioaceae. Epacris impressa: a, flowering branch, X Vi; b, flower, X 2; c. 
same, perianth expanded, X \V 2 \ d, ovary, cross-section, X 12; e, stamen, X 5. 


Shrubs or small trees; leaves alternate, often crowded, simple, small and heath- 
like, usually stiff, estipulate; flowers bisexual (rarely unisexual, the plants then 
mostly monoecious), actinomorphic, bracteate, the calyx 4-5-lobed, persistent, the 
corolla gamopetalous, 4-5-lobed (rarely the lobes coherent and then the corolla 
opening transversely near the base of the tube), valvate or imbricate; stamens 
usually 5 (4), epipetalous or hypogynous, alternating with the corolla lobes, some- 
times with alternating staminodes represented by clusters of hairs or glands, the 
anthers 1 -celled at anthesis, dehiscing longitudinally; pistil 1, the ovary superior, 
often surrounded basally by an hypogynous glandular disc, the loculcs 1-10, the 
carpels 4-5, the placentation typically axile, the ovules solitary to many in each 
locule, the style 1, stigma capitate; fruit a 5-valved capsule or a drupe with a 1-5- 
seeded stone; seeds with straight embryo and fleshy endosperm. 

A family of 23 genera and about 350 species, mainly Australasian, and none 
indigenous to this country. The largest genera are Styphelia (175 spp.) and Epacris 
(34 spp.). Species of Cyathodes, Epacris and Leucopogon are cultivated domesti- 
cally to a small extent in the warmer parts. 

The family is undoubtedly an advanced taxon of close alliance with the Erica- 
ceae, and may be thought of as the Australasian counterpart of the family. It dif- 
fers mostly in the single whorl of epipetalous stamens and the 1 -cel led anthers, 
but distinctions between the 2 families are weak. 


Order 36. PRIMULALES 

The Primulales are characterized by the gamopetalous and generally pentam- 
erous flowers, the unilocular superior ovary with free-central placentation, and the 
bi-integumented ovules. It is a small order containing only 3 families; Theophras- 
laceae, Myrsinaceae, and Primulaceae. 

Curiously enough, Hallier retained them near his Bicornes and, as was true for 
the latter, derived them from the Ochnaceae (of his Guttales). Wettstein circum- 
scribed them similarly and considered them allied to the Bicornes (Ericales). 
Bessey included the Plumbaginaceae and the Plantaginaceae in his Primulales, and 
derived the order from his Caryophyllales. A similar view, as concerns phylogeny, 
was held by Hutchinson. Recent morphological and anatomical studies strengthen 
the conclusion that the Primulales are advanced types derived from caryophyl- 
laceous ancestors. 
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THEOPHRASTACEAE. JOEWOOD FAMILY 



scclion, X 8; f, fruit, X iVi. 

Trees or shrubs; leaves usually alternate (opposite in Jacquink), simple, per- 
sistent, sometimes spine-tipped (in Jacquinia)^ no resin ducts present, generally 
crowded, estipulatc; flowers bisexual or unisexual (the plants then dioecious), 
actinomorphic, in racemes, corymbs, or panicles, the sepals 5, imbricated, distinct 
or nearly so, the corolla 5-lobed, gamopetalous, rotate, urceolate, or funnel-form; 
the androecium biseriate, the outer whorl reduced to 5 intcsepalous petaloid 
staminodes, the inner of 5 functional epipetalous stamens with filaments distinct 
(connate in Clavija), the anthers 2-celled, dehiscing longitudinally (extrorse in 
Jacquinia)', pistil 1, the ovary superior, unilocular, 5-carpelled, the placentation 
free-central, the ovules numerous, anatropous, the integuments 2 and immersed in 
a mucilaginous matrix, the style 1 and stigma entire to irregularly lobed; fruit 
a berry (rarely a 1 -seeded drupe; seed with well developed embryo, endosperm 
copious. 

A family of 4 genera and about 60 species of the American tropics and Hawaiian 
Islands. Jacquinia (25 spp.) is the only genus indigenous to the United Stales, and 
is represented in southern Florida by I species, /. keyensis. 

The family has been combined with the M'yrsinaceae, but it differs in anatom- 
ical characteristics, notably by the absence of resin ducts and the present of long 
strands of sclercnchymatous tissue beneath the leaf epidermis, and by the presence 
of staminodes and the large usually yellow or orange seeds (small and dark brown 
to black in Myrsinaceae). 

The family is of no significant domestic importance, although Clavija longifolia 
is sometimes cultivated as an ornamental in the south. 

LITERArURE: 

Mez, C. Thcophrastaccae. In Engler, Das Pflanzenreich, 9 (IV. 236): 1-437, 1902. 

MYRSIIVACEAE.'«« MYRSINE FAMILY 

Trees or shrubs; leaves mostly alternate, simple, usually persistent, coriaceous, 
glandular-punctate or with linear resin ducts, estipulate; flowers bisexual or uni- 
sexual (the plants then dioecious or polygamodioecious), actinomorphic, often 
glandular, bracteate (or bracteoles lost by reduction), small, fasciculate on scaly 
short shoots or spurs in leaf axils or paniculate, or corymbose or cymose, the 
sepals 4-6, distinct (in Emhelia, Heherdenia) or more commonly basally connate, 

i®®The name Myrsinaceae Lindl. (1836) has been conserved over Ardisiaceae Juss. 
(1810.) 
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persistent, the petals usually connate, valvate or convolute, the corolla usually 4-6- 
lobed, rotate to salverform; stamens as many as corolla lobes and opposite them, 
usually epipetalous, distinct (monadelphous in some, syngenesious in Ambylanthus 
of India), the anthers 2-celled, dehiscing longitudinally or by apical slits or by pores, 
rarely transversely septate, usually longer than the filaments, staminodes absent: 
pistil 1, the ovary usually superior (inferior to half inferior in Maesa), the carpels 
and locules 4-6, the placentation axile or free-central (sometimes basal), the placen- 
tae much proliferated to form a cap over and around the ovules, the ovules soli- 
tary to several and uniseriate to multiseriate on each placenta, scmianatropous to 
semicainpylotropous, the style simple and short, the stigma simple or lobed; fruit 
a drupe with a fleshy exocarp and a stony endocarp containing 1-few seeds; the 
seeds with a cylindrical embryo and copious endosperm. 



Fig. 254. MvRSiNACtAE. Ardtsta crenata: a, plant m flower and fruit, X 14; b, inflorescence, 
X 1; c, flower, vertical section, X 3; d, stamen, X 3; e, ovary, cross*section, X 8. (From 
L. H. Bailey, Manual of cultivated plants, The Macmillan Company, 1949. Copyright 
1924 and 1949 by Liberty H. Bailey.) 


A family of 32 genera and about 1000 species, with southern limits in New 
Zealand and South Africa, and northern limits in Japan, Mexico, and Florida. It 
is represented in the United States by 2 species indigenous to Florida, Rapanea 
gtuiianensis and Icacorea paniculata. Among the larger genera of the family are 
Ardisia (250 spp.), Rapanea (140 spp.), Maesa (100 spp.), and Emhelia (60 spp.). 

The Myrsinaceae are closedly allied to the Primiilaceae and differ from them 
in their woody habit, in the ovules generally buried in the proliferating placen- 
tae, and in the 1-few-seeded drupaceous fruit. See Theophrastaceae for distinc- 
tions separating them from that family. 

Hallier treated them as distinct from but allied to the Theophrastaceae and to 
have been less highly advanced than the Primulaceae (the latter family connected 
to the Myrsinaceae by the Cyclamineae). Wettstein considered them to be the 
most advanced of the Primulales (because of frequency of dioecism, the trans- 
versely septate anthers in several genera, the half-inferior ovary of the Maesoideae, 
and polyembryony in Ardisia). Hutchinson placed the Myrsinaceae in an order by 
themselves (Myrsinales) and rejected, on the basis of woody vs. herbaceous texture, 
the majority opinion that the family was closely allied to the Primulaceae, and 
placed the two at widely divergent points in his classification. 

The family is of little economic importance. A few species of 4 genera (Ardisia, 
Maesa, Myrsine, and Suttonia) are cultivated as ornamentals in warmer parts 
and under glass. 


PRIMULACEAE. PRIMULA FAMILY 

Annual or perennial herbs, rarely suffrutescent; leaves mostly opposite or 
whorled, sometimes all basal, generally simple (pinnately dissected in the aquatic, 
Hottonia)y often glandular-dotted or farinose; flowers bisexual, actinomorphic 
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(zygomorphic in Coris), bracteate, typically 5-merous, the calyx 4-9-lobetl, folia- 
ceous, generally persistent, the corolla (absent in Claux) gamopetalous with 4-9 
imbricated lobes (polypetalous in Pellctiera), usually rotate to salverform (lobes 
reflexed in Dodecatheon and Cvclamen); the stamens as many as corolla lobes and 
opposite them, in a single whorl (the missing outer whorl sometimes represented 
by scalelike staminodes, as in Soldanella, Saniolns), the anthers 2-celled, introrse. 
dehiscing longitudinally; pistil 1, the ovary superior (half inferior in SamoliLs), uni- 
locular, the carpels typically 5, the placentation free-central, the ovules few to 
numerous, mostly semianatropous, the integuments 2, the style 1 (heterostyly com- 
mon) and its stigma usually capitate; fruit usually a 5-toolhed or -valved capsule 
(sometimes with 10 teeth), or a pyxis (as in Anaf>aUis and Ccntunculus): seed 
with small straight embryo, endosperm abundant and hard to firm and semitrans- 
parent. 



Fig. 255, Primulackae. A, Primula denticulata: Aa, plant in flower, X 14; Ab, flower 
habit, X 1; Ac, perianth, expanded, X I Vi; Ad, pistil, X 3; Ae, ovary, cross-section, X 5. 
B, Tnentalis borealis'. Ba, plant in flower, X Vi; Bb, flower, face view, X 1; Be, same, 
vertical section (perianth partially excised), X 2; Bd, ovary, cross-section, X 12. C, 
Dodecatheon Meadia: Ca, plant in flower, X Cb, flower, habit, X Cc, same, 

vertical section (perianth partially excised) X IVi. 

A family of about 28 genera and nearly 800 species, widely distributed, occurring 
on all ermtinents but most abundant in north temperate regions. Eleven genera are 
represented by indigenous species, and all except Dodecatheon and Androsace are 
primarily of eastern distribution. These genera are (together with number of total 
and indigenous species): Primula (400-6), Lysimachia (100-7), Steironema 
(5-5), Androsace (85-15), Dodecatheon (30-25), Douglasia (6-4), Hoitonia 
(2-1), Samoliis (10-5), Trientalis (3-1), Glaux (1-1), and Centunculus (1-1). 

The Primulaceae are distinguished readily by the herbaceous habit, the usually 
gamopetalous corolla, the single whorl of stamens opposite the corolla lobes, the 
free-central placentation, the dehiscent capsule, and the usually numerous seeds 
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The evidence is reasonably conclusive that the Pnmulaceae and the Caryophyl- 
laceae have fundamentally the same type of gynoecia and, as concluded by Douglas 
(1936) (and m essence by Dickson, 1936), . . the vascular pattern and the 

presence of locules at the base of the ovary point to the fact that the present much 
reduced flower of the Primulaceae has descended from an ancestor which was 
characterized by a plurilocular ovary and ‘axial’ placentation. This primitive flower 
might well be found in centrospermal stock, as Wernham, Bessey, and Hutchinson 
have suggested ” This conclusion points to the artificiality of the taxa represented 
by the so-called Polypetalae and Gamopetalae, and gives impetus to the view 
that connation of perianth parts arose among the dicots many times by parallel or 
convergent evolution. 

Economically the family is of domestic importance only for the ornamentals 
contributed by it. Species of most of the genera cited above are cultivated as also 
are species of Cyclamen, Anagallis, Soldanella, Cortusa, and Omphalogrammu 
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Roy. Soc. Edinb. 50: 563-627, 1942; op. at. 51: 1 69, 1943; Trans. Bot. Soc. Edinb. 
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402 468, 1948. 
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Order 37. PLUMBAGINALES 

An order containing the single family Plumbaginaceae, and distinguished from 
presumably allied taxa by the pentamerous flowers (polypetalous or gamopetalous), 
the styles and/or stigmas 5, and the ovary unilocular with a single bi-integumented 
ovule (pendulous from a basal funiculus). 

There is evidence that the Plumbaginales may have evolved from stocks ances- 
tral to the Primulales, and most phylogenists (including Engler, 1924) have been 
of the opinion that they have close affinities with the caryophyllaceous taxa. 
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sap. the unisexual flowers, the multilocular superior ovary, and by the ovules typ- 
ically in pairs and always with 2 integuments. They differ from the Styracaceae, 
with which they are most closely allied, by the flowers usually unisexual and the 
ovary completely septate. 

The family is of economic importance as a source of timber valued for cabinet- 
making purposes, notably the black Macassar ebony {Diospyros Ehenum) of 
India and the East Indies. Domestically it is of importance for the Japanese per- 
simmon (Diospyros Kaki) and for the American persimmon (£>. virginiana), the 
former a commercial crop produced in California and other warm areas. 

LITERATURE: 

Baldwin, J. T. Jr. and Culp, R. Polyploidy in Diospyros virginiana L. Amer. Journ. 
Bot. 28: 942 944, 1941. 

GOrke, M. Ebenaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, IV (1): 
153-165, 1890. 

Hiern, a. a monograph of the Ebenaceae. Trans. Cambridge Phil. Soc. 12: 27-300, 
1873. 


SYMPLOCACEAE. SYMPLOCOS FAMILY 



Fig, 259. Symplocaceai . Symplocos panicuiata: a, flowering branch, X V 2 \ b, flower, 
X 2; c, same, vertical section (corolla partially excised), X 4; d, ovary, cross-section, 
X 10; e, fruit, X 1. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Trees or shrubs; leaves alternate, simple, coriaceous, estipulate; flowers bisexual 
(rarely some unisexual and the plant polygamodioecious), actinomorphic, in 
racemose or paniculate inflorescences, the calyx 5-lobed, imbricated, persistent, 
the corolla gamopetalous but divided nearly to base, the lobes 5-10, in I or 2 
series, imbricated; stamens 4 to many (usually 12 or more), epipetalous, distinct 
or the filaments variously connate, the anthers globose, 2-celled, dehiscing longi- 
tudinally; pistil 1, the ovary inferior or half inferior, the locules and carpels 2-5, 
septation complete, the placentation axile, the ovules typically 2 in each locule, 
pendulous, anatropous, the integuments probably 2, the style 1, the stigma often 
capitate and 2-5-lobed; fruit a berry or drupaceous; seed with straight or curved 
embryo, the endosperm copious. 

A unigeneric family of about 300 species of paleotropic Asia and America. 
About 8 species of Symplocos extend northward into Mexico; S. tinctorui is in- 
digenous to the United States. 

The Symplocaceae are distinguished from the closely allied Styracaceae by the 
inferior or half-inferior and completely septate ovary, and by the berrylike fruit 
with its persistent calyx. 

A few Asiatic species of sweetleaf (Symplocos) are cultivated as hardy orna- 
mental shrubs, most commonly S, panicuiata. 

American ebony is the wood of Byra Ehenus (Leguminosae), perhaps better known 
as cocus wood or granadillo, and is streaked dark red in color. 
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STYRACACEAE. STORAX FAMILY 



Fik. 260 . Styracaceal. Haleua Carolina: a, flowering branch, X Vi; b, flower, X 1; c, 
same, veitical section, X 1; d, stamens, X 2; e, ovary, cross-section, X 4; f, ovary, vertical 
section, X 3, g, fruit, X 1. (From L. H. Bailey, Manual of cultivated plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


Small trees cr shrubs, pubescence usually of stellate hairs or lepidote; leaves 
alternate, simple, 'oft-herbaceous to coriaceous, cstipulate; flowers bisexual, actino- 
morphic, in racemose to paniculate cymose inflorescences, the calyx 4-5-cleft or 
-toothed, tubular, the corolla gamopetalous but lobed nearly to the base, the lobes 
usually 4- -6, imbricate or valvale; stamens 8-12, in 1 whorl, epipetalous (rarely 
hypogynous), the filaments basally connate, the anthers 2-celled, oblong to linear, 
dehiscing longitudinally; pistil 1, the ovary superior (half inferior to inferior in 
Halesia, Pterostyrax), carpels mostly 3-5, usually unilocular above and 3"5-locular 
in lower half, the placentation axilc below and parietal above, the ovules 2-8 on 
each placenta (all but 1-2 abort), anatropous, the integuments 1 or 2, the style 
1, stigmas 1-5; fruit a drupe (the seeds within a stony endocarp) with a fleshy to 
dry and papery pericarp (when the latter, sometimes dehiscent); seeds with straight 
or slightly curved embryo and copious cellular endosperm. 

A family of 8 genera and about 120 species, distributed in the warmer regions 
of South and Central America, southeastern United States, eastern Asia, and the 
Mediterannean region. It is represented in the southeastern part of the United 
States by 3 indigenous species each of Sty rax and Halesia. Sty rax (about 110 spp.) 
is the largest genus. 

The Styracaccae are distinguished readily by the stellate pubescence, the stamens 
in a single whoil, the imperfectly septate ovary, the single style, and the fruit. 

The family is important as the principal source of ben/^oin, a resin used in 
medicinal preparations (obtained from Sty rax Benzoin). It is of domestic impor- 
tance for a number of ornamental shrubs and small trees, notably silver bells 
{Halesia) and the half-hardy storax Sty rax. 

LITERATURE. 

CopiLAND, H. F. The Styrax of northern California and the relationships of the Styra- 
caccae. Amer. Joiirn. Bot. 25: 771 780, 1938. 

Cory, V. L. The genus Styrax in central and western Texas. Madrono, 7: 110-115, 1943. 
PhRKiNs, J. Styracaccae. In Engler, Das Pflanzenreich, 30 (IV. 241): 1-111, 1907. 


Order 39. CONTORTAE 

Plants with commonly opposite simple or pinnately compound estipulate leaves, 
corolla gamopetalous and usually actinomorphic, the corolla lobes usually convo- 
lute, the stamens adnate to or near corolla base, the carpels 2 in number in each 
flower. 

This order was designated the Gentianales by Bentham and Hooker and others. 
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The order was subdivided by Engler and Diels into 2 suborders containing 6 
families as follows (the Desfontaineaceae not treated in this text): 

Oleineae Loganiaceae 

Oleaceae Gentianaceae 

Gentianmeae Apocynaceac 

Desfontaineaceae Asclepiadaceae 

Wettstein, followed by Rendle, restricted the Contortae to contain only the sub- 
order Gentianineae and segregated the Oleineae as the Oleales, considering the 
latter to have been derived from stocks allied to the Staphyleaceae, and the former 
to be advanced over the Tubiflorae. Hutchinson treated these families as compos- 
ing 3 orders: Loganiales (Loganiaceae and Oleaceae), Apocynales (Apocynaceac 
and Asclepiadaceae), and Genlianales (Gentianaceae). Hallier included all within 
his Tubiflores, and derived the Oleaceae from the Scrophulariaccae and the others 
from the Linaceae of his Guttales. The Salvadoraceae, originally included in this 
order by Engler, were transferred by Engler and Gilg (1924) to the Sapindales. 

OLEACEAE.''*^ OLIVE FAMILY 

Trees or shrubs, sometimes lianous; leaves opposite (alternate in some Jusniinum 
spp.), simple or pinnately compound, stipulate; flowers bisexual (unisexual in some 
Fraxinus spp., in Phillyrea, et al. and the plants then dioecious or polygamo- 
dioecious), actinomorphic, in axillary or terminal lacemosc, paniculate or thyrsi- 
foim inflorescences, the perianth biseriate (apetalous in some Fraxinus spp.), the 
calyx typically 4-lobed (rarely 4-15), valvate, rarely absent, the corolla gamo- 
petalous (sometimes very deeply lobed or divided and seemingly polypetalous, or 
distinct as in Fraxinus spp.), typically 4-lobed (occasionally the lobes 6-12), mostly 
imbricate; the stamens typically 2 (4 in Hesperelaea and T essarandra) , distinct, 
the anthers 2-celled, the cells usually back to back, often apiculate by extension of 
the connective, dehiscing longitudinally; pistil 1, the ovary superior, the locules 
and carpels 2, the placentation axile, the ovules usually 2 in each locule (4-10 in 
Forsythia, et aL), anatropous, the style 1 or none, stigmas 1-2; fruit a berry 
(Ligustrum), drupe {Oka, Jasminum), loculicidal capsule {Syringa, Forsythia), a 
circumscissile capsule (Menodora), or a samara {Fraxinus); seed with straight 
embryo, the endosperm firm-fleshy. 

A family of 22 genera and about 500 species, of temperate and paleotropical 
regions, notably Asia and the East Indies. It is represented domestically by several 
genera (together with number of total and indigenous species): Fraxinus (60-16), 
Forest iera (20-2), Menodora (18-3), Osmanthus (15-2), and Chumanthus (2-1, 
the other sp. in China). Only Fraxinus is indigenous to the extreme northeast, 
Chionanthus extends north to New Jersey, and the remainder are southern or 
western {Forestiera extends north into Illinois). Species of Ligustrum and Jasminum 
arc naturalized in the southeast. 

The Oleaceae are distinguished by the typically 2-merous flowers, the 2 anthers 
with cells back to back, and the 2-loculed superior ovary with generally 2 ovules 
each. 

There are 2 subfamilies in the Oleaceae: Oleoideae and Jasminoideae, with all 
but 3 genera {Jasminum, Menodora, and Nyctanthes) in the Oleoideae. Hutchinson 
( 1948) was of the opinion that the family is an unnatural assemblage, and that the 
dimerous androecium may have misled authorities into assuming a common origin 
for the taxa. He considered Fraxinus to be more closely allied to the Sapindaceae 
and Ligustrum to the Loganiaceae. On the basis of cytological studies. Taylor 

‘‘*2 The name Oleaceae has been conserved over other names for this family. 
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(1945) proposed a revised classification of genera within the family, but made 
little attempt to relate it to other families. 

The family is of considerable economic importance. The olive (Olea) is a source 
of food, and oil expressed from the fruit is of high value. Ash lumber (Fraxinus) 
is of value in cabinet work. Most of the other genera contribute important orna- 
mentals, notably the \i\ac • (Syringa), privet (Ligustrum), jasmine (Jasminuin), 
golden bells {Forsythia)^ fringe tree {Chionanthus), fragrant olive {Osmanthus) 
and F hilly rea. 



Fig. 261. Olhaceae. a, Fraxmus americana: Aa, pistillate inflorescence, X Vi', Ab, pistil- 
late flower, X 4; Ac, staminate inflorescence, X Vi; Ad, staminate flower, X 4; Ae, 
samaras, X Vi. B, Syringa vulgaris: Ba, flowering branch, X Bb, flower, X 1; Be, same, 
perianth expanded, X 2; Bd, ovary, vertical section, X 5; Be, same, cross-section, X 10; 
Bf, capsules, X 1. C, Chionanthus \irgmica: Ca, flowers, X V 2 ; Cb, flower, perianth 
partially excised, X 5. (From L. H. Bailey, Manual of cultivated plants. The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 
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LOGANIACEAE. LOGANIA FAMILY 



Fig. 262. LoGANiACEAb. Buddleja Davidii: a, inflorescence, X Vi\ b, ovary, cross scclion, 
X 15; c, ovary, vertical section, X 8; d, flower, perianth expanded, X 2; e, flower, 2. 
(From L. H. Bailey, Manual of cultivated plants. The Macmillan Company, 1949. Copy- 
right 1924 and 1949 by Liberty H. Bailey.) 

Herbs, shrubs, or trees (often lianous); leaves opposite (alternate in a few 
Buddleja spp.), simple, stipulate; flowers bisexual, actinomorphic, cymose to 
thyrsiform, usually bracteate and bracteolate, mostly 4-5-merous, the calyx 4- 5- 
lobed or parted, the corolla gamopetalous, 4-5 or lO-lobed, aestivation various, 
the corolla-tube mouth often with crown of hairs; stamens epipetalous, as many as 
corolla lobes and alternate with them (rarely twice as many, or reduced to I as in 
Usteria), the anther cells 2 and side by side, dehiscing longitudinally; pistil I, the 
ovary superior (half inferior in Mitreola), the locules and carpels typically 2 
(unilocular in some Strychnos spp. and incompletely bilocular in Fagraea), the 
placentation axile (parietal in unilocular ovary), the ovules usually many, amphi- 
tropous or anatropous, the style 1 (2 with a single common stigma in Cynocto- 
nu/n), stigmas 1-2 (rarely 4-cleft); fruit a septicidal capsule, the valves falling 
from the usually persistent axis, rarely a berry or drupe; seed sometimes winged, 
the embryo small and straight, the endosperm fleshy to bony. 

A predominantly pantropical and warm temperate family of 32 genera and 
nearly 800 species, with half of the genera in the Old World, but well represented 
also in tropical America. Several genera are represented by species indigenous to 
this country. They are (together with number of total and indigenous species): 
Spigelia (35-3), herbs extending north to Kentucky and Missouri; Gelsemiuni 
(2-1), a vine occurring along the coast from Texas to Virginia; Cynoctonum (5-3), 
herbs of the southeastern coast north to Virginia; Polypremum (1-1), an annual 
iiCrb from South America north to Maryland and Missouri; CoelostyUs (2-1), an 
annual herb of Florida; and Buddleja (150-2), shrubs, Arizona to California. 
Other large genera in the family include Strychnos (200 spp.), Nuxia and Fagraea 
(30 spp. each), and Logania (21 spp.). 

^^■^The name Loganiaceae Horaninov (1834) is conserved over Spigeliaceae. 
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The Loganiaceae are distinguished from other families of the order by the oppo- 
site stipulate leaves, and by the bilocular superior ovary with typically axile placen- 
tation. An added and anatomical distinction is the presence of internal phloem in 
the majority of genera. 

Most authors included the family in the Contortae, except Hallier, who placed 
it in his Tubiflorae, and Hutchinson, who segregated it (together with the Oleaceae) 
as the Loganiales. Engler was of the opinion that the family may be the most 
primitive of the order, with other families of the taxon having been derived from 
stocks ancestral to it. The circumscription of the family has been diversely inter- 
preted (cf. Moore, 1947, for review) with one of the latest phylogenetic treatments 
(Klett, 1924) being in accord with that of Solereder (1895). Moore’s phylogenetic 
views were that “Cytological data agree with taxonomic evidence that the Logania- 
ceae farel an artificial group. Neverthless, it is concluded that Celseniium, Poly- 
premuni, and Buddleja are to be retained in the family.” 

The family is of economic importance as a source of the drug and poison strych- 
nine (from seeds of Strychnos Nux-vomica), and curare poison is obtained from 
the bark of Strychnos toxifera. Many representatives of the family are cultivated 
domestically as ornamentals, notably species of the butterfly bush {Buddleja), 
Carolina or yellow jessamine {Gelsemium), pinkroot or Indian pink {Spigelia), 
Natal orange {Strychnos spinosa), and of Logania and Geniostoma. 
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GENTIANACEAE. GENTIAN FAMILY 

Herbs, rarely subshrubs or shrubs, the plants sometimes saprophytic, branching 
often dichotomous; leaves opposite (alternate in Menyanthes, et al.), decussate, 
often basally connate, simple, estipulate; flowers bisexual (rarely polygamous), 
actinomorphic, usually showy, cymosc, bracteate, and bracteolate or not so, the 
inflorescence dichasial or monochasial, usually 4-5-merous, the calyx gamo- 
sepalous, usually tubular, generally • imbricate, the corolla gamopetalous, con- 
torted (induplicate and valvate in Menyanthoideae) tubular rotate salverform or 
campanulate, scales or nectar pits often in corolla tube; stamens of same number 
as corolla lobes and alternate with them, epipetalous, distinct (syngenesious in 
Voyria and Leiphaimos spp.) usually versatile, the anthers 2-cellcd, introrse, de- 
hiscing longitudinally (poricidal in E.xacum), pollen variable and distinctive; 
annular disc present or absent; pistil 1, the ovary superior, usually unilocular with 
2 usually intruded parietal placentae (bilocular with axile placentation in Exa- 
cineae), the carpels 2, the ovules usually numerous, anatropous, the style simple, 
stigma simple or 2-lobed; fruit a septicidal capsule; seed with a small embryo and 
a fleshy endosperm. 

A family of 70 genera and about 800 species, of world-wide distribution and 
most abundant in temperate regions. Genera with species indigenous to the United 
States (together with approximate number of total and indigenous species) are: 
Centaiirium (30-5), Sahatia (15-15), Gentiana (425-40), Plcurogyne (1-1), Era- 

10^ The name Gentianaceae has been conserved over other names for this family. 
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LENNOACEAE.2«2 LENNOA FAMILY 



Fig. 269. Lennoaceae. Pholi&ma arenariiun: a, plant in flower, X 14; b, inflorescence, 
X 1 / 3 ; c, flower and bract, X 3; d, flower, vertical section, X 4; e, ovary, cross-section, 
X 12; f, stigma, X 12; g, stamen, X 12. 


Parasitic, herbaceous, fleshy plants lacking chlorophyll; root parasites, stems 
simple or branched; leaves reduced to short scales; flowers bisexual, actinomorphic 
or sometimes slightly zygomorphic, in a compact thyrse or a peltately expanded 
head (in A mmobroma) , the pedicels sometimes seemingly embedded in the fleshy 
stem, the sepals 5-10, distinct or nearly so, linear to subulate, puberulent or 
plumose, the corolla gamopetalous, 5-6-lobed (8 lobes j;? Lennoa), imbricated, 
tubular to funnelform (salverform in Lennoa); stamens 5-10 in I whorl (2 whorls 
in Lennoa), epipetalous, the filaments very short and adnate to corolla tube for 
most of their length, and emerging from it below the mouth, the anther cells 2 and 
parallel (basally divergent in Lennoa), introrse, the pollen grains single; disc 
absent; pistil 1, the ovary superior, the carpels 6-14, the number of apparent 
locules twice as many as carpels by false septation of the loculus, placentation 
axile, the ovule 1 in each apparent locule, neai'y horizontal, anatropous, the style 
1, solid and simple, the stigma subcapitate or peltate, crenate; fruit a fleshy capsule, 
tardily and irregularly circumscissile, the seeds seemingly enclosed by a bony endo- 
carp formed from the locule wall, and pyrenelike, the embryo globose with undif- 
ferentiated cotyledons and radicle, endosperm present. 

A family of 3 genera and 4 species, restricted to southwestern United States and 
Mexico. It is represented in this country by Pholisma and Amniohroma (both 
monotypic), with the former {P. arenarium) in southern and Baja California and 
the latter {A. Sonorae) in southwestern Arizona and southeastern California ex- 
tending southward into Mexico. Both plants are small herbs rising for a few 
inches above the usually sandy soil, the stems orange or brown in color with 
minute violet to purple flowers. Lennoa (with 2 spp.) is indigenous primarily to 
Mexico where it is parasitic, mostly on composites, and Blake (1926) reported it 
from Colombia. 

The position of the family has been interpreted variously. Bessey, Engler, and 
Hutchinson included it with the Ericales, and allied it with the Monotropoideae, 
placing it (as did Rydberg) as allied to the saprophytic Monotropoideae of the 
Pyrolaceae. Engler and Gilg and Wettstein, following Hallier (1912, 1923), 
advanced it to a position near the Hydrophyllaceae and the Boraginaceae, a view 
supported by the morphological studies of Sussenguth (1927) and Copeland 
(1935), and by the embryological views of Maheshwari (1945). This transfer to 
the Tubiflorae is based on the pollen being in single grains, the carpels each with 

“®^The name Lennoaceae has been conserved over other names for this family. 
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2 horizontal ovules, the presence of pyrenes, and the lack of differentiation in 
the embryo. 

The plants are of no economic importance. 
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HYDROPIIYL!.ACEAE.^‘^^ WATERLEAF FAMILY 



Fig. 270. Hydrophyi LAC hAE. Phaceliu campamdat la . Aa, flowering branches, X V 2 \ Ab, 
flower, X 1; Ac, same, vertical section, x 3; Ad, stamen, X II/ 2 ; Ae, ovaiy, cross-section, 
X 6; Af, capsule, X 1. B, Phacelia tanacetifoUa: inflorescence, X V 2 . (From L. H. Bailey, 
Matwal of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Libel ty H. Bailey.) 

Mostly annual or perennial herbs (shrubby in Eriodictvon) , often scabrid hairy, 
glandular, or bristly; leaves alternate or opposite, often :n basal rosettes, entire or 
pinnately divided (rarely palmately divided); inflorescence cymose, often helicoid 
or circinate, sometimes 2 or more ebracteate cymes in dichasia or umbellate 
inflorescences, or the flowers solitary and axillary; flowers bisexual, actinomorphic, 
usually pentamerous (the African Codon has pleiomerous flowers); calyx 5-lobed 
(sepals almost distinct in some genera), imbricate, the sinuses often with appen- 
dages; corolla mostly 5-lobed, imbricate or infrequently contorted, rotate, campanu- 
late, or funnelform; stamens mostly 5, epipetalous, arising from base of corolla, 
alternate with petals, the filaments equal or not so, the anthers 2-celled, dehiscing 
longitudinally, versatile, introrse, often alternating with or subtended by scalelike or 
hairy appendages; hypogynous staminodes present or absent; pistil 1, the ovary 
superior (half inferior in Nanm spp.), typically unilocular with 2 parietal more 
or less intruding placentae (sometimes meeting in center, or the ovary appearing 
as if bilocular), the carpels 2, the ovules often numerous (4 in Hydrophyllum)^ 
pendulous, anatropous, or amphitropous, the micropyle pointing upward and out- 
ward, the styles 1 and somewhat divided or 2, stigma capitate; fruit mostly a 
loculicidal capsule dehiscing by 2 or rarely 4 valves, sometimes indehiscent; seeds 
sometimes carunculate, variously pitted, reticulate, sculptured, or muricate, the 

203 The name Hydrophyllaceae has been conserved over Hydroleaceae and other older 
names. 
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dragonhead (Dracocephalum), false dragonhead (Physoste^iia)^ Oswego tea 
(Monarcia), skullcap {Scutellaria)^ and species of Nepeta, Stachys, Tciicnum, 
Thymus, Coleus, Lavandula, Pycnanthemum. 
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NOLAN ACEAE. NOLAN A FAMILY 



Fig. 274. Nolanaceae. Nolana paradoxa: a, flowering branch, X Vi; b, flower, vertical 
section, X 1; c, ovary, vertical section, X 5; d, stamen, on section of corolla-tube, X 3; 
e, pistil, X 5; f, fruit, X 1. (From L. H. Bailey, Manual of cultivated plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Herbs or small shrubs (mostly strand plants); leaves alternate or becoming 
paired toward stem apex, simple, mostly fleshy or semisucculent, estipulate; flowers 
solitary in leaf axils, bisexual, actinomorphic; the calyx 5-cleft; corolla gamo- 
petalous, hypogynous, 5-lobed, plicate in bud, campanulate to funnelform; stamens 
5, usually equal or sometimes unequal, alternating with corolla lobes and arising 
from near the base, the anthers 2-celled, dehiscing longitudinally; disc present, often 
lobed; pistil 1, the ovary superior, often radially or transversely lobed, the carpels 
typically 5, the locules as many as carpels or (by trrmsverse lobing) 2-3 times as 
many, the placentation axile, the ovules anatropous, the style 1 and terminal, 
stigma of 2 or more lobes; fruit a 1-7-seeded mericarp, sometimes incorrectly 
termed a nutlet, the endocarp usually stony; seed with a curved embryo and 
copious endosperm. 

A family of 2 genera and over 60 species native in Chile and Peru, mostly along 
the shore line. Nolana, the largest genus, has about 57 species, and A Iona has 
6 species. 

The family is anomalous, and numerous morphological characters have led some 
botanists to align it with one or another family. Bentham and Hooker and Hutchin- 
son included it with the Convolvulaceae on the basis of corolla form, the twisted 
aestivation, and pentamerous ovary. The mericarpous fruit is suggestive of affinities 
to Boraginaceae, but the strongest affinity appears to be with the Solanaceae, with 
which it was united by Duval and others, but from which it differs by its peculiar 
nutletlike fruit. 

Wettstein and Rendle accepted the family and included it in the Tubiflorae. 
Bessey placed it, together with the Solanaceae, in his Polemoniales, and both 
Hallier and Hutchinson treated the genus as belonging in the Solanaceae. 

One or two species of Nolana are cultivated domestically as garden annuals 
(especially N. paradoxa), 
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SOLANACEAE.®"® NIGHTSHADE FAMILY 



Fig. 275. SoLANACbAE. A, Niereinbergia hippomamcu var. vtolacea: Aa, flowering branch, 
X Vi’, Ab, flower, X V2\ Ac, same, perianth partly excised, X 2; Ad, flower, face view, 
X Vi. B Lycopeisicon esculeutum: Ba, flowering branch, X V2\ Bb, flower, X I; he, dower, 
vertical section, corolla partly excised, X 2; Bd, ovary, cross-section, X 5. C, Schizanthus 
pinnatus: Ca, flower, X 1; Cb, same, perianth expanded, X 1. D, Browallia viscosa: Da, 
flower, face view, X V2; Db, flower, perianth excised in vertical section, X 1. E, Nicoiiana 
alata var. gtamlifiora: Ea, flower, vertical section, X V2; Eb, bud, partially expanded, 
X 1/2; Ec, capsule, X V2. (From L. H, Bailey, Manual of cultivated plants. The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Herbs, shrubs, trees, often lianous or creeping, the stems with bicollatcral vas- 
cular strands: leaves alternate or becoming opposite at or near the inflorescences, 
simple or rarely pinnatisect, estipiilate: inflorescence typically an axillary cyme or 
combination of cymes, sometimes helicoid ; flowers bisexual, actinomorphic or 
slightly zygomorphic, hypogynous; calyx 5-lobed or -parted (sometimes 4-6-lobed), 
persistent, often enlarging in fruit; corolla gamopelalous, rotate to tubular, typically 
5-lobed, variously shaped but rarely bilabiate (as in Schizanthus). usually plicate 
or convolute (rarely valvate); stamens epipetalous, alternating with corolla lobes, 
usually unequal, primitively 5, sometimes 4 and didynamous or not so, or only 2 
{Schizanthus), when less than 5 the “lost” stamen often represented by a stam- 
inode, the anthers 2-celled (1 cell sometimes undeveloped, as in Browallia), 


The name Solanaceae has been conserved over other names for the family. 
^‘’^See Rendle, 2: 516-517, for details. 
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dehiscing longitudinally or sometimes conically connivent and dehiscing poricidally 
(as Solarium), the connective sometimes enlarged (Cyphomandra); hypogynous 
disc usually present and apparent; pistil 1, ovary superior, carpels 2, typically 
2-loculed (or 3-5 by false septation) rarely unilocul^fas in Henoonia, which also 
has a single ovule, or unilocular apically as in CapSmm, the placentation axile, 
the ovules numerous (few in Cestrurri) on intruding placentae, anatropous or 
somewhat amphitropous; style 1, stigma 2-lobed; fruit a berry (sometimes en- 
closed within an inflated persistent calyx as in Phy sails), or septicidal capsule; 
seeds smooth or pitted, embryo embedded in the fleshy and semitransparent 
endosperm. 

A large family of about 85 genera and in excess of 2200 species, distributed 
primarily in tropical America and South America (where there are 38 endemic 
genera). Seme of the larger genera include Solarium (about 1500 spp.), Cestrurn 
(250 spp.), Lycium (100 spp.), Physalis (100 spp.), Nicotiana (100 spp.), and 
Cyphomandra (30 spp.). Genera represented in this country by indigenous species 
include Physalis, Solarium, and Charnaesaracha in the northeastern and middle 
states. Capsicum and Petunia in peninsular Florida, and Lycium, Margaranthus, 
Saracha, Nuotiaiia, and Oryctes in the southwestern and western states. Species 
of Nicandra, Hyoscyamus, and Datura are naturalized or adventive over much 
of the United States and probably indigenous in the southwest. 

The Solanaceae were interpreted by Wettstein as probably of a polyphyletic 
origin, as evidenced by alliance with several families. It is most closely related to 
the Scrophulariaceae, and is best distinguished from them by the actinomorphic 
corolla, the typically 4 or 5 stamens, the usually plicate corolla, and the invariable 
anatomical character of bicollateral vascular strands. The family was divided by 
Wettstein into the tribes: Nicandreae, Solaneae, Datureae, Cestreae, and Salpiglos- 
sideae. 

The family was included by Bentham and Hooker and by Bessey within the 
Polemoniales (separated by Bessey from his Scrophulariales by the actinomorphic 
corolla), whereas Hallier considered it to be the primitive member of the Tubi- 
florae and (together with the Scrophulariaceae) to have been derived probably 
from the Linaceae. Hutchinson included it as the primitive taxon of his Solanales, 
together with the Convolvulaceae, an order ancestral to his Personales. 

The Solanaceae are a family of considerable economic importance, and are 
the source of food plants as the potato and eggplant {Solarium spp.), tomato 
(Lycopersicori), strawberry tomato {Physalis), and red pepper {Capsicum); the 
fumitory, tobacco {Nicotiana spp.); such drug plants as henbane {Hyoscyamus) , 
belladonna and atropine {Atropa), and stramonium {Datura) and ornamentals 
from many genera including Petunia, Salpiglossis, Schizanthus, Lycium, Solarium, 
Streptosolen, Cestrurn, Datura, Solandra, Browallia, Nierernbergia, and Brurifelsia. 
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Safford, W. E. Synopsis of the genus Datura. Journ. Wash. Acad. Sci. 11: 173-189, 
1921. 
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WbTTSTEiN, R. Solanaceae. In Engler and Prantl, Die natiirlichen Pflanzenfamilicn, IV 
(3b): 4 39, 1895. 

SCROPIIULARIACEAE.^*''' FIGWORT FAMILY 

Mostly herbs or small shrubs, sometimes lianous {Maurandia, Rhodochiton), a 
ftw are chlorophyll-less parasites {Hyohanche) and others are chlorophyll-contain- 
ing parasites or saprophytes (Melampyrum, Pedictdaris, Castilleja); leaves usually 
alternate or opposite, rarely whorled (Veronicastrum) , deciduous or infrequently 
persistent {Hebe), simple, entire, or pinnately lobed or incised, estipulate; inflores- 
cence variable, determinate or indeterminate, rarely umbellate, bracts and brac- 
teoles usually present (brightly colored in Castilleja); flowers bisexual, typically 
zygomorphic, or nearly actinomorphic; calyx usually deeply 4-5 lobed or divided, 
imbricate or valvate; corolla gamopetalous, the tube sometimes very short (as 
Veronica) or conspicuous (Penstemon or Digitalis spp.), often bilabiate, sometimes 
personate (as Linaria), the lobes usually 4-5 (rarely 6-8) and imbricate, one or 
more anterior petals sometimes produced into a spur (Linaria, Diascia) or basally 
gibbous to saccate {Antirrhinum) or the limb developing into 2 unequal inflated 
lips (Calceolaria); stamens epipetalous but arising from the extreme base of corolla 
tube, distinct (sometimes coherent in pairs) sometimes 5 (Verbascum and Cap- 
raria), commonly 4 and didynamous (fifth stamen sometimes represented by a fila- 
mentous staminode, as in Penstemon or reduced to a scale in some Scrophularia 
spp.), sometimes only 2 (Veronica, Calceolaria), the anthers 2-celled (one cell some- 
times larger than the other, or in Buchnera one cell obsolete), dehiscing longi- 
tudinally or rarely poricidally (in Seymeria), introrse; nectiferous annular or uni- 
lateral disc usually present and often lobed; pistil 1, the ovary superior, the locules 
and carpels 2 (rarely unilocukr), the placentation axile, the ovules numerous, anat- 
ropous, on usually enlarged^placentae, the style 1 and terminal, the stigma bilobed 
or 2 (as in Gratiola); fruit typically a capsule, septicidal, occasionally loculicidal 
(spp. of Buchnereae and Euphrasieae) or sometimes poricidal (Antirrhinum), 
rarely a berry (Leucocarpus, Halleria) or dry indehiscent capsule (Hebenstretia); 
seeds smooth or variously surfaced, angled or winged, the endosperm soft-fleshy to 
fleshy. 

A large family of about 210 genera and nearly 3000 species, of cosmopolitan 
distribution and represented on all continents. The largest genera are Pedictdaris 
(probably 600 spp.), Calceolaria (500), Penstemon (250), Verbascum (250), 
Linaria (150), Mimulus (150), Veronica (excl. Hebe, 150), Hebe (140), and 
Castilleja (100). Of these all are of the northern hemisphere except Hebe (Austral- 

The name Scrophulariaceae has been conserved over other earlier names for the 
family, and the name Rhinanthaceae as used by J. K. Small and others is invalidated. 
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asia) and Calceolaria (western South America). The larger genera in this country 
include Pen&temon, Mimulus, Veronica, Gerardia, Chytra, Castilleja, and Pedic- 
ularis. 

The Scrophulariaceae are separated from the Solanaceae by the nonplicate 
usually zygomorphic corolla, the collateral (not bicollateral) vascular strands, and 
the reduction (usually) of the posterior stamen; from the Gesneriaceae and Oro- 
banchaceae by the usually bilocular ovary; and from the Pedaliaceae and Big- 
noniaceae by the presence of endosperm. 






mi 




Fig. 276. ScROPHULARiACbAE. A, Antirrhinum majus: Aa, flowers, X V2\ Ab, flower, ver- 
tical section, perianth partially excised, X 1. B, Calceolaria cienanflora: Ba, poition o^ 
jnfloiescencc, X Vi\ Bb, flower, vertical section, X 1. C, Torenia Pournieri' Ca, flowering 
blanch, \ Vi', Cb, flower, side view, X V 2 \ Cc, flower, perianth expanded and partially 
excised, X l2. D, Veionica loninfolia: Da, inflorescence, n VS; Db, flower, X 2; Dc, same, 
vcitical section, X 3; Dd, capsule, X 2; De, ovary, cross-section, X 10. E, Penstenum 
lacMf^atus: Ea, inflorescence, X Vi. Eb, flower, vertical section, X 1. (From L. H. Bailey, 
Manual of cultivated plants. The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty H. Bailey.) 


The family was considered by Wettstein, following Bentham (1846), to be com- 
posed of 3 subfamilies (Pseudosolaneae, Antirrhinoideae, Rhinanthoideae) and 10 
tribes. Rendle and Hutchinson accepted elevation of the African tribe Selagineae 
(including Hebenstretia and Sela^o) to family status, the Selaginaceae. Hallier 
considered the Scrophulariaceae to be one of the primitive families of the Tubi- 
florae, including in it such related taxa as the Globulariaceae, Lentibulariaceae. 
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Plantaginaceae, and Selaginaceae. Bessey treated it as an advanced component of his 
Scrophulariales, derived perhaps from the Bignoniaceae. Pennell (1935) rejected the 
earlier view that the nearly actinomorphic and 5-stamened flower of Verbascum 
was primitive in the family (indicating presumed alliance to the Solanaceae), con- 
sidered the primitive corolla (of Scrophulariaceae) to have been zygomorphic, and 
transferred the Verbasceae to “a more advanced position, influenced by its stigma, 
seeds, elaborate anthers, etc.” In doing so he noted that here was an example of 
. . the recovery of a structure which had become previously obsolete; that the 
suppressed posterior stamen could appear again is a remarkable bit of evolutionary 
information.” 

The Scrophulariaceae are not a particularly important family, and except for 
the drug plant Digitalis, the plants are valued primarily as garden ornamentals. 
Notable among the latter are the snapdragons {Antirrhinum), speedwells, 
{Veronica), slipperflower {Calceolaria), beardtongues {Penstemon), monkey 
flower (Mi/nulus), Kenilworth ivy (Cymhalaria), coral plant {Russelia), wish- 
bone flower {Torenia), and foxgloves {Digitalis). 
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BIGNONIACEAE.^'” BIGNONIA FAMILY 

Trees or shrubs, often climbing or twining vines, rarely herbs (Incarvillea) or 
suffrutescent {Eccremocarpus spp.); leaves opposite, decussate, rarely alternate, 
simple or pinnately compound (terminal leaflet then often reduced to a tendril), 
often glandular (between petiole bases, in leaf-vein axils) ^* 2 , estipulate; inflores- 
cence usually of dichasial cymes compounded into a monochasium, bracts and 
bracteoles produced; flowers bisexual, zygomorphic, showy, the calyx with 5 teeth 
or lobes, sometimes bilabiate (spathelike in Spathodea) or truncate, the corolla 
campanulate or funnelform, usually imbricate, lobes or teeth 5 or more, sometimes 
bilabiate; stamens epipetalous, typically 4 and didynamous with a posterior stam- 
inode, sometimes 2 (Catalpa) and with or without 3 staminodes, the anthers 2- 
celled, the cells usually widely divergent and then seemingly one above the other, 
coherent or distinct, dehiscing longitudinally; hypogynous disc present; pistil 1, 
the ovary superior, 2-carpeled, typically bilocular with axile placentation or some- 

The name Bignoniaceae has been conserved over other earlier names for the family. 

See Seibert (1948) for details on presence and taxonomic utility of glands on 
vegetative and reproductive parts of especially lianous members of the family. 
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times unilocular with 2 bifid parietal placentae (as Eccrenwcarpus, Kigelia), the 
ovules numerous, anatropous, usually erect with micropyle pointing downward, 
the style terminal and simple, the stigma 2-lobed; fruit usually a 2-valved septicid.J 
or loculicidal capsule, fleshy and indchiscent in a few genera (as Parmentiera. 
Kigelia, Crescentia); seed in capsular fruits usually abundant, winged, and com- 
pressed (not winged in fleshy fruits), sometimes comose (as Chilopsis), the 
endosperm lacking. 

A primarily tropical family of many geneia (about 110) but relatively few 
species (about 750), particularly abundant in northern South America. A few 
genera occur in tropical Africa and Madagascar, a few in Asia, and only 2 have 
species in both the Old and New World (Catalpa, Campsis). Catalpa extends 
northward into Missouri and Indiana; Bignonia and Campsis {Tecoma) are each 
represented in the southern and eastern states by a single indigenous specie'.. 
Chilopsis linearis is an indigen of the southwest and the only member of the family 
native to the west coast states (California). Stenolohium stans {Tecoma) occurs 
along the coastal plain from Florida to Texas and Crescentia occurs in southern 
Florida. 



Fig. 111. Bignoniacrae. A, Catalpa hignonioides: Aa, flower, X V 2 \ Ab, flower, perianth 
expanded, ^4; Ac, pistil with two stamens, X I; Ad, ovary, cross-section, X 4. B, Campsis 
radicans: Ba, flowering branch, X Vs; Bb, pistil with ovary in vertical section, X 1; Be, 
capsule, X Vs; Bd, seed, Vi. (From L. H. Bailey, Manual of cultivated plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

The Bignoniaceae are distinguished from other related families by the absence 
of endosperm in the seeds, the structure of the fruit, the often conspicuously winged 
seeds, and in being predominantly tropical vines. The identification of genera and 
species of the families is difficult and both flowers and fruit are almost essential 
to critical determinations. Schumann subdivided the family into 4 tribes (Bigno- 
nieae, Tecomeae, Eccremocarpeae, and Crescentieae) on the basis of locular con- 
dition of the ovary, the type of fruit and the nature of its septum, and the seeds. 

Wettstein considered the family as advanced over but allied to the Scrophularia- 
ceae and Gesneriaceae, Bessey followed Engler’s classification as to the relative 
position of this family, and Hallier included them in his Tubiflorae as derived from 
the Scrophulariaceae. Hutchinson placed them in his Personales intermediate be- 
tween the Gesneriaceae and Pedaliaceae. 

Members of the family are of economic importance both for lumber and as 
cultivated ornamentals. West Indian boxwood (Tabebuia) is prized for its lumber, 
and the catalpa (mostly Catalpa speciosa) is prized for fence-post material. Among 
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the more notable ornamentals are several trees, mostly tropical: South African 
tulip tree {Spathodea), the sausage tree {Kigelia), roble bianco {Tabebiiia), cala- 
bash tree {Crescentia), and Jacaranda and the hardy Paulownia of China {Pan- 
low nia) long but apparently erroneously placed in the Scrophulariaceae (cf. Camp- 
bell, 1930); the more common vines include the hardy or half-hardy trumpet 
vine {Campsis), trumpet flower (Bignonia capreolata), and Eccremocarpus scaber; 
the tender vines such as cats-claw {Doxantha Unguis-cati), Cape honeysuckle 
{TeconuirUi), the Australian bower plant {Pandorca), and the ubiquitous Pyro- 
stcgia ignea\ a tew semihardy to tropical shrubs include the flowering willow 
{Chilopsis), and yellow bells (Stenolobinm) . Several species of Incarvillea are 
hardy perennials. 
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PEDALIACEAE.^*^ PEDALIUM FAMILY 



Fig. 278. Pedaliaceae. A, Ceratotheca triloba: Aa, inflorescence, X 14, and leaf, X Va\ 
Ab, ovary, cross-section, X 5; Ac, ovary and calyx, vertical section, X 2; Ad, flower, 
X V 2 \ Ae, flower, vertical section, X Vi; Af, capsule, X Vi. B, Sesamwn indicum: Ba, 
flower, X Vi; Bb, capsule, X Vi. (From L. H. Bailey, Manual of cultivated plants, The 
Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Annual or perennial herbs or rarely shrubs; leaves opposite or the uppermost 
sometimes alternate, simple, entire or lobed, estipulate; flowers usually solitary in 
axils or in simple axillary dichasia, bisexual, zygomorphic; calyx of usually 5 
basally connate sepals (sometimes 4); corolla usually broadly tubular, 5-lobed 

The name Pedaliaceae has been conserved over other names for the family. 



DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 


701 


and somewhat bilabiate; stamens epipetalous, distinct. 4 and didynamous (only 2 
in Trapella), the fifth (posterior) represented by a small staminode. the anthers 
2-celled, dehiscing longitudinally, introrse; pistil 1, the ovary mostly superior (in- 
ferior in TrapeUa, an Asiatic aquatic), 2-carpeled, the locules 2 or (by false septa- 
tion) 4, the placentation axile, the ovules 1 to many on each placenta, anatropous, 
the style 1 and slender, the stigmas 2; fruit a loculicidal capsule or nut, often spiny 
or with wings, hooks, or thorns; seeds smooth, with a thin fleshy endosperm and 
a small straight embryo. 

A family of 16 genera and about 50 species, mostly maritime or desert plants 
of Old World tropics and subtropics, with some naturalized in New World tropics. 
The largest genus is Sesamum ( 16 spp. ) of Africa and India, and Sesamuni indicum 
is naturalized from Florida to Texas and Ceratotlieca triloba is naturalized in 
Florida. 

The family is distinguished from related families by the usually 4-loculcd or in- 
completely 4-loculed bicarpellate ovary, the axile placentation, and the usually 
beaked or barbed fruits. 

Economically, Sesamum indicunu known as benne, is important for the sesame 
oil expressed from the seeds, and used as an acceptable substitute for olive oil, 
especially in European countries. Over 3, ()()(),()()() acres were devoted to the culture 
of the plant in India within the last decade. The plant is grown to a limited extent 
as a crop for home consumption in the southern states and has become naturalized 
in many areas. Ceratotlieca triloba is cultivated domestically as an ornamental to 
a limited extent. 


MARTYNIACEAE. MARTYNIA FAMILY 



Fig. 279. Martyniaclae. Proboscidea Jussieia: a, flowering branch, X V2; b, flower, side 
view, X 1 / 2 ; c, same, vertical section, X Vi; d, anthers, face view, X P/ 2 ; e, ovary, cioss- 
section X 6; f, fruit, X >4. (From L. H. Bailey, Manual of culiivated plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Stout annual or perennial herbs, viscid-pubescent; leaves opposite, becoming alter- 
nate toward branch ends, undulate or lobed, estipulate; inflorescence terminal, 
racemose; flowers bisexual, zygomorphic; calyx spathaceous or of 5 distinct sepals, 
sometimes subtended by 1 or 2 bracts often becoming thick and fleshy at maturity; 
corolla gamopetalous, the tube basally cylindrical and campanulate or infundibular 
above, often ventricose and oblique, somewhat bilabiate, always 5-lobed; stamens 
epipetalous, distinct, usually 4 and didvnamous with a posterior staminode, or 2 
v/ith the second pair forming staminodes (in Martynia), the anthers 2-celled, 
divergent, dehiscing longitudinally, those of each stamen pair coherent before 
anthesis; annular disc present; pistil 1, the ovary superior, bicarpellate, unilocular, 
the placentation parietal, with the two placentae winged and often cohering to 
form false septa, the ovules few to many, anatropous. the style 1, slender, the 
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Stigma with 2 flat sensitive lobes; fruit a horned capsule with fleshy viscid-hairy 
deciduous exocarp and a woody endocarp crested on a median line above and 
sometimes below, the single proboscislike persistent style splitting at fruit maturity 
into 2 hornlike processes; seeds sculptured, somewhat compressed, the embryo 
straight, endosperm none. 

A family of 5 genera and 16 species, native to the New World tropics. Prohos- 
cidea has 4 species indigenous from Louisiana westward to California. 

The Martyniaceae were included in the Pedaliaceae by Bentham and Hooker, 
Hallicr, and Hutchinson, and by some earlier authors were included in the Bigno- 
niaceae. They were treated as a family by Bessey, Rendle, and Wettstein. Members 
of the family are distinguished by their characteristic fruits and are separated from 
the Bignoniaceae and Pedaliaceae by the parietal placentae, and from the Gesneria- 
ceae by the viscid pubescence, the superior ovary, the large calyx, and the inflores- 
cence. 

Members of the family are known generally as unicorn plants, without regard 
for genus or species distinction. Much of the material of this family is misidentified, 
and determinations should be checked against Van Eseltine’s revision (1929). 
Material of IhicelUi lutea and Prohoscidea Jussieui {Marty nia louisiana) are grown 
for ornament or for their novel fruit. In addition to the ornamental value of the 
plants, the young fruits are pickled and eaten in some areas. 
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^OROBANCIIACEAE.^'*^ BROOMRAPE FAMILY 



Fig. 280. Orobanchaceae. Epifagus virginiana: a, plant in flower, X ’do; b, flowering 
branch tip, X 1; c, flower, habit, X 3; d, flower, vertical section, X 4; e. ovary, cross- 
section, X 5; f, fruit, X 4. 


Annual or perennial somewhat fleshy herbs, root parasites, and commonly lack- 
ing chlorophyll or seemingly so; leaves alternate, scalelike; flowers solitary in a 
leaf or bract axil, usually subtended by a pair of bracteoles arising from the 
pedicel (the axis much condensed and spicate in Boschniakia), bisexual, zygo- 

The name Orobanchaceae has been conserved over earlier names for this family. 
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niorphic (in Epifagus the upper ones usually sterile and the lower ones perfect 
and cleistogamous); calyx 2-5-lobed or divided or spathaceous, the segments open 
or valvate; corolla straight or arcuate, usually bilabiate or obliquely so, 5-lobed, 
imbricate, the 2 adaxial lobes innermost; stamens epipetalous, distinct, alternate 
with the lobes, 4, didynamous, the posterior stamen lacking or reduced to a small 
staminode, the anthers 2-celled, dehiscing lortgitudinally, often coherent in pairs, 
occasionally one half anther undeveloped and sterile; pistil 1, the ovary superior, 
unilocular (basally bilocular in Christisonia of tropical Asia), the carpels 2 and 
median (rarely 3), the placentation parietal with the placentae as many as carpels 
by connation of ventral margins or seemingly twice as many by the branches of 
each intruded placenta having reflexed and folded back against the ovary wall 
(sometimes the branches meeting in center of ovary), the ovules numerous, anat- 
ropous, the style 1 and slender, the stigma terminal, usually 2-4-lobed; fruit a locu- 
licidal capsule, often enveloped by the persistent calyx, usually 2-valved and 
leathery; seeds minute, usually pitted or roughened, the embryo undifferentiated, 
the endosperm soft-fleshy and oily. 

A family of about 13 genera and 140 species, mostly n f north temperate region s 
but primarily of the warm temperate parts of the Old World . Orphamhe, with 
about 90 species, is the largest genus. The family is represented in the United States 
by the monotypic Epifagus (Leptamnium) of eastern United States, Conopholis 
occurring from Maine to Michigan and south to Florida, and Boschniakia of north- 
western America and northeastern Asia. Orohanche (including Aphyllon and 
Thalesia) occurs over much of the country and is represented by about 8 indigenous 
species and several that are adventivc from Europe. 

The members of the family are readily recognized by the lac): of green colora- 
tion (stems usually in shades of red-brown-tan-purple, sometimes whitish), and the 
character of root parasitism. In addition, the flowers are distinctive by the parietal 
placentation, the usually intruded and spreading or T-shaped placentae, and the 
consistently 4 didynamous stamens. 

Some phylogenists have derived the family from the Gesneriaceae (on the basis 
of the unilocular ovary with parietal placentation), and others have derived it from 
Me Scrophulariaceae. The evidence, as reviewed by Boeshore (1920), strongly 
^vors the latter view. 

The members of the family are of no significant economic importance. In pre- 
vious times some of them have been used medicinally for their alleged therapeutic 
properties. 

LITERATURE: 

Achey, D. Am. a revision of the sect. Gvmnocaulis of the genus Orohanche. Bull. 
Torrey Bot. Club, 60: 441 450, 1933. 

Beck-Mannagetta, G. Orobanchaceae. In Engler and Prantl, Die natiirlichen Pflanzen- 
famihen, IV (3b): 123 -132, 1895. 

.Orobanchaceae. Engler. Das Pflanzenreich, 96 (IV. 261): 1-348, 1930. 

Munz, P. a. The North American species of Orohanche, sect. Myzorrhiza. Bull. Torrey 
Bot. Club, 57: 611 -623, 1930. 

PuGsiEY, H. W. Notes on Orohanche. Journ. Bot. (Lond.) 78: 105 -116, 1940. 

GESNERIACEAE.^^® GESNERIA FAMILY 

Herbs, shrubs, or rarely trees; a few are lianous, others are epiphytic; leaves 
opposite or in basal rosettes, those of a pair equal in size or one much reduced and 
stipulelike, usually decussate, occasionally whorled, rarely alternate (due to com- 
plete reduction of the opposing leaf), usually herbaceous and hairy (coriaceous in 

*^^The name Gesneriaceae has been conserved over earlier names for this family. 
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epiphytes); flowers showy, solitary in leaf axils or in cymose inflorescences, 
bisexual, zygomorphic (actinomorphic in Ramonda^^^); calyx 5-lobed, the lobes 
sometimes basally connate, valvate or rarely imbricate; corolla typically 5-lobed, 
rotate to campanulate or infundibularform-salverform, mostly bilabiate, imbricate; 
stamens 4 and didynamous or 2 (5 in Ramonda, Sinningia spp.), a staminode 
often present, epipetalous, the anthers coherent in pairs or in some genera connate 
(stamens then syngenesious), rarely distinct, 2-celled, dehiscing longitudinally; 
annular nectiferous disc conspicuous, sometimes lobed, or represented by 5 distinct 
glands; pistil 1, the ovary superior or half inferior or wholly inferior, unilocular, 
the carpels 2, the placentation parietal, with placentae often intruded and bifid, 
sometimes meeting in center or nearly so and the ovary appearing bi- or quadri- 
loculate, the ovules numerous, anatropous, the style 1 and slender, the stigma 
often bilobed; fruit usually a loculicidal capsule (septicidal in Ramonda), rarely 
fleshy and berrylike (as in Cyrtandra); seeds numerous, minute, usually with 
abundant endosperm (little or none in the Cyrtandroideae). 



Fig. 281. GtSNERiACEAb. A, Sifiningia speciosa: Aa, plant m flower, X Ab, flower, less 
peiianth, X Vi. B, Kohleria hirsura: ba, flowei. X ’4; Bb, same, vertical section, X Vi; 
Be, stamens, X 1; Bd, glandular disc at top of ovary, X V/2; Be, ovary, crose-section, X 3. 
C, Saint paalia ionantha: Ca, flower, X Vi; Cb, same, vertical section, corolla partially 
excised, X P/ 2 ; Cc, stamens, X P/ 2 . (From L. H. Bailey, Manual of cultivated plants, 
The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

The Gesneriaceae are a large family of 85 genera and about 1200 species, of 
primarily tropical and subtropical distribution of both hemispheres, with 2 genera 
{Hahcrlea and Ramonda) native to temperate parts of Europe. None of the family 
is native to the United Stales altho’iigh a dozen or more genera extend northward 
into Mexico. 

The family is closely allied to the Scrophulariaceae, Bignoniaceae, and probably 
to the Orobanchaceae, and as a taxon, is separated from them with difficulty. Tn 
general, it may be distinguished from the Scrophulariaceae by the unilocular ovary 
and parietal placentation, from the Bignoniaceae by the same character or from 
the unilocular bignoniads by the differences in the fruit and seed (siliquelike and 
winged respectively in the Bignoniaceae), and from the Orobanchaceae by the non- 
parasitic habit. 

Economically, members of the family are important primarily as ornamentals 
giown in the open in warm climates or under glass in the cooler regions (except 

Throughout much of the literature the spelling of this name appears as Ramondia. 
However, as pointed out by Lawrence (Gentes Herb. 8: 68, 1949) the original spelling 
was Ramonda and should be retained. 



DIVISION IV. EMBRYOPHYTA SIPHONOGAMA 


705 


species of Ramonda and Haherlea which are prized as rock garden subjects in 
temperate regions). The most important ornamentals include: gloxinia (Sinningia),, 
African violet (Saintpaulia), Cape primrose {Streptocarpus), and species of Achi- 
menes, Smithiantha, Kohleria {Isoloma)y Aeschynantlius {Trichosporum)^ and 
Episcia. 

LITERATURE: 

Beddome, R. H. Gesneriaceae; with annotated list of the genera and species which have 
been introduced into cultivation. Journ. Roy. Hort. Soc. (Lond.), 33: 74 100, 1908. 
Clark, C. B. Cyrtandreae {Gesneracearum tribus). In de Candolle, Monograph. Phan. 
5: 1-303, 1883. 

pRirscH, K. Gesneriaceae. In Engler and Prantl, Die naturlichen Pflanzenfamilien, IV 
(3b): 133-185, 1895. 

. Die Keimpflanzen der Gesneriaceen, pp. 188. Jena, 1904. 

. Beitrage zur Kenntnis der Gesnerioideae. Engler Bot. Jahrb. 50: 392 439, 1913. 

Hanstein, J. Die Gesneraceen des kon. Herbariums und der Garten zu Berlin. Linnaea, 
26: 145-216, 1853; op. cit. 27: 693 -785, 1854; op. cit. 29: 497 592, 1857 1858; 
op. cit. 34: 225, 462, 1865-1866. 

Morton, C. V. A Revision of Besleria. Conlr. U. S. Nat. Herb. 26: 395 474, 1939. 

. The West Indian species of Columnea. The West Indian species of AlInplectiiSy 

and a revision of Cremosperma. Contr. U. S. Nat. Herb. 29: 1 35, 1944. 

.Las espccics sudamericanas del genero Monopyle. Revista Unvcrsitariu (Univ. 

Cuzco, Peru), 87: 98-116, 1945. 

Oersted, A. S. Centralamericas Gesneraceen. 78 pp. Copenhagen, 1858. 

Ridley, H. N. The Gesneraceac of the Malay Peninsula. Joiun. Straits Branch Roy. 
Asiatic Soc. no. 43: 1-92, 1905. 

Standley, P. C. and Morion, C. V. Gesneriaceae (of Costa Rica). F*eld Mus. Publ. Bot. 
18: 1137-1187, 1938. 

Urban, I. Enumeratio Gesneriacearum (of West Indies) in Urban, Symb. Antill. 2: 344- 
388, mw 


LENTIBULARIACEAE.21^ BLADDERWORT FAMILY 



Fife. 282. Lentibulariaceae. A, Utnculana coniuta: Aa, flowering plant (in watei), X 14 ; 
Ab, stem, basal poition, X 1; Ac, flower, side view, X 1; Ad, flower, vertical section, X 
IV2, Ae, flowei, basal portion, .showing palate, X 2; Af, pistil, habit, X 6; Ag, ovary, 
cross'section, X 10; Ah, flower, perianth excised, showing stamens and pistil, X 1. B, 
U. wriata: habit in flower, showing rosette of floating leaves with bladders, X V». C, 
U. iieglecta: habit of bladder, X 2. (C, after Engler.) 

Annual and perennial herbs, aquatics (and then often rootless), or plants usually 
of wet places, predominantly insectivorous; leaves alternate or in basal rosettes, 
often dimorphic in aquatic representatives with submerged leaves usually finely 

^^'^The name Lentibulariaceae has been conserved, and the name Pinguicula lac.ae as 
adopted by J. K. Small is a nomen rejiciendum unless Pinguicula is segregated as a 
separate family. 
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divided, and bearing insectivorous bladders of complex structure,^ and aerial 
leaves composing a floating rosette or reduced to scalelike enations or aljsent; in 
some terrestrial genera (as the tropical Genlisea) dimorphism is represented by 
rosettes of foliage leaves and tubular or pitcherlike insectivorous leaves appressed 
into the ground; flowers bracteate, pedicels of some each with a pair of brac- 
teoles, in scapose racemes or .solitary on a scape (Pinguicida) , bisexual, zygo- 
morphic, the calyx 2-5-lobed or divided, the segments open or imbricate, the 
corolla gamopetalous, 5-lobed, imbricate, bilabiate, the lower lip saccate or 
spurred, often personate, with the palate very variable in form; stamens 2, with 2 
Siam inodes sometimes produced, arising from extreme base of corolla tube, the 
anthers 1-celled (the theca sometimes partially medianly constricted), dehiscing 
longitudinally; no disc produced; pistil 1, the ovary superior, unilocular, the 
carpels 2, the placentation free-central, the ovules numerous (reduced to 2 in 
Bioviilaria) on or often sunken into a globose placental mass, anatropous, the 
style 1 or commonly obsolete with the 2-lobed stigma sessile; fruit a capsule, de- 
hiscing by 2-4 valves, circumscissilely, or by an irregular splitting; seeds minute 
with a poorly differentiated embryo and no endosperm. 

A widely spread family of about 5 genera and 260 species, occurring on all 
continents and its members comprising an important element of aquatic and marsh 
vegetation. The largest genera (together with number of species) are Utricularia ca. 
200, Pinguicula 32, and Genlisea 12. By conservative generic concepts the family 
is represented in the United States by indigenous species of only the first 2 of the 
above-mentioned genera, with most of the species occurring in appropriate habi- 
tats over much of the region east of the Rockies (3 species of Utricularia are 
native to California but are infrequent or rare). 

The Lentibulariaceae superficially resemble some of the Scrophulariaceae, but 
are distinguished from most of the latter by the stamens 2, and from all by the 
free-central placentation. The presence of the tiny bladders on aquatic representa- 
tives, or other forms of insect traps, is also distinctive. 

The members of the family are of little economic importance. A few species of 
butte rwort {PingHicuhi) are offered in the domestic trade as ornamentals, and 
species of bladderwort {Utricularia) are grown in aquaria. 

LITERATURE: 

Barnhart, J. H. Segregation of genera in Lentibulariaceae. Mem. N. Y. Bot. Card. 6: 
39 64, 1916. 

Heidu, F. Lentibulariaceae {Pinguicula). Meddelelser 0m Gidnland, 36: 441-481, 1912. 
Kamicnski, F. Lentibulariaceae. In Engler and Prantl, Die natiirlichen Pflanzenfamilien, 
IV (3b): 108-123, 1895. 

Lloyd, F. E. The range of structural and functional variation of the “traps” of Utricu- 
lana. Proc. Fifth Internat. Bot. Congr. Cambridge, 1930: 450-451, 1931. 

. The range of structural and functional variety in the traps of Utricularia and 

Polypompholyx. Flora, 126: 303-328. 1932. 

Utricularia. Biol. Rev. 10: 72 110, 1935. 

. The carnivorous plants. 352 pp. Waltham, Mass., 1942. 

Lloyd, F. E. and Taylor, G. Some new species of Utricularia. Contr. Gray Herb. 165: 
82-90, 1947. 

See Lloyd (1942, pp. 213 -267) for details of structure function and taxonomic 
value. He has given also a review of the pertinent literature and an extensive bibliography. 

Barnhart (1916) gave a very excellent summary of generic segregation in the family, 
recognizing it to be composed of 17 genera, but pointed out that it was not as important 
that the taxonomic validity of his genera be accepted as it was that the taxa represented 
by them be recognized as natural assemblages and be given subgeneric or sectional rank 
if rejected as genera. The majority of American taxonomists have not accepted his 
segregates of Utricularia as representing distinct genera. 
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Luetzelburg, P. von, Beitrage zur Kenntnis der Utricularien. Flora, 100: 145-212, 1910. 
Meri, E. M. Beitrage zur Kenntnis der Utricularien und Genliseen. Flora, 108: 127-200, 
1915. 

Pringsueim, N. Zur Morphologie der Utricularien. Berlin, 1869. 

Rossbach, G. B. Aquatic Utricularias. Rhodora, 41: 113 128, 1939. 

GLOBULARIACEAE. GLOBULARIA FAMILY 



Fig. 283. Globulariacfaf. Glohularia Aphyllanthes: a, flowering plant, X 10; b, flower, 
X 4; c, flower, perianth expanded, X 4; d, pistil, X 6; e, ovary, vertical section, X 10; 
f, anther, X 10. (From L. H. Bailey, Manual of cultivated plantSy The Macmillan Com- 
pany, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Perennial herbs or shrubs; leaves alternate, simple, est'pulate; inflorescence a 
head subtended by a multibracteate involucre; flowers bisexual, zygomorphic, 
usually minute, on a scaly receptacle, the calyx tubular, 5-lobed, actinomorphic 
or weakly bilabiate, the corolla bilabiate (lower lip often much reduced and 2- 
lobed), 4~5-lobed; stamens epipetalous, distinct, 4 and didynamous or sometimes 
2, arising from near top of corolla tube and alternate with lobes, the anthers 2- 
celled but becoming confluent at anthesis and dehiscing by a single longitudinal 
slit, versatile; annular or glandular disc often present; pistil 1, the ovary superior, 
unilocular, the carpels 2, the ovule solitary, pendulous from locule apex, anat- 
ropous, the style 1 and filiform, the stigma capitate or briefly 2-lobed; fruit a 
1 -seeded nutlet enclosed within the persistent calyx; seed with straight embryo sur- 
rounded by a fleshy endosperm. 

A small family, restricted to the Old World and primarily to the Mediterranean 
region, composed of 3 genera and about 23 species. Globularia (19 spp.) is the 
largest genus, and several species are cultivated in this country as hardy perennials. 

The family was merged with the Selaginaceae by Bentham and Hooker, with 
the Scrophulariaceae by Hallier, but retained as distinct by Engler, Bessey, Rendle, 
Wettstein, and Hutchinson. The latter interpreted it to be the primitive family of 
his Lamiales, while Wettstein derived it from the Scrophulariaceae. 

V^^^ACANTHACEAE.”® ACANTHUS FAMILY 

Perennial armed or unarmed herbs or shrubs, rarely trees; some are Hanes, 
xerophytes, aquatics, or mesophytes; leaves opposite and decussate, simple, estipu- 
late; cystoliths (appearing as protuberances or streaks) are common on vegetative 
parts (none in Aphelandra); inflorescence usually a dichasial cyme (sometimes 
axillary and congested as the verticils of Labiatae) or developing into a mono- 
chasium, or the flowers racemose or solitary; flowers bisexual, zygomorphic, brac- 
teate with bracteoles common and often conspicuous or even involucrate, the calyx 
deeply 4-5-lobed or sometimes much reduced (as in Thunbergia), contorted or 

-^^The name Acanthaceae has been conserved over earlier names for this family. 
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imbricate, the corolla typically 5-lobed, usually bilabiate, upper lip usually erect and 
bifid (absent in Acanthus and others); stamens usually 4 and didynamous or 2 
(larely 5, as in Pentstemonacanthus), epipetalous, distinct (sometimes connate in 
pairs), staminodes sometimes present, the anthers exceedingly variable in position 
and form, 2-celled and sometimes the cells separated by the connective or 1- 
celled, sometimes spurred, the pollen diversely surfaced, dehiscence longitudinal; 
annular or glandular nectiferous disc present; pistil 1, the ovary superior, the 
carpels and locules 2, the placentation axile, the ovules 2 or more in each locule, 
anatropous, in 2 rows, the style 1 and slender, the stigmas 2 and variously shaped, 
the posterior often the smaller; fruit usually a loculicidal capsule (a drupe in a 
few. genera), often elastically dehiscent with valves recurving from persistent 
central column (character of capsule and dehiscence varies with different genera); 
seeds with testa of various types (as mucilaginous, scaly, hairy, or with an in- 
durated funicle), embryo large, the endosperm usually absent. 



Fig. 284. Acanthacfae. a, Beloperone guttata: Aa, fiowering branch, X Vi', Ab, flower, 
X Vi, Ac, anther, X 2. B, Acanthus montanus: Ba, inflorescence with leat, X i/s, Bb, 
flower with bract, X 1, Be, same, vertical section, X 1; Bd, stamen, X 2. C, Jhunhergia 
alata: Ca, flower, X I/ 2 ; Cb, same, vertical section (corolla-Iimb excised), X 1; Cc, ovaiy, 
vertical section, X 3; Cd, stigma, X 4; Ce, stamen, X 3. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 

The Acanthaceae are a large pantropical family of about 240 genera and over 
2200 species, and have 4 centers of distribution: Indo-Malaya, Africa, Brazil, and 
Central America northward into Mexico. Relatively few genera and species extend 
into the United States; 3 genera occur in the northeast {Justicia 1 Diunthcjci\, Riiellia, 
Dysclioriste). These and 6 others occur in the southeastern quarter {Thunhergia, 
Hygrophila, Elvimria [Tuhiflom^, Stemmdrium, Dicliptera, \ Diapcdiiun] and 
Yeatsia). In addition, Carlowrightia, Anisacanthus, Tetrameriiim, Dicliptera, Sipho- 
noglossa, Jacohinia, and Beloperone have species indigenous to the southwestern 
states (only Beloperone californica occurs in California). 

From related families the Acanthaceae are distinguished by a number of charac- 
ters. notably the usual presence of cystoliths in vegetative parts, the presence and 
development of floral bracts and bracteoles, the usually bilabiate corollas associated 
with the bilocular ovary, the generally bivalvate elastically dehiscing capsules, and 
usually by the curved retinacula supporting the seeds. The anthers and stamens 
piovide many characters diagnostic of groups of genera. 
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Botanists have consistently retained the Acanthaceae as a distinct taxon, and the 
majority are agreed that it is derived from the Scrophulariaceae or stocks ancestral 
to them. Hutchinson considered it the most advanced taxon of his Personales, and 
Bessey previously had adopted a similar view by placing it at the top of his 
Scrophulariales. 

The family is of little domestic importance. Species of a few genera, mostly 
tropical, are cultivated as ornamentals. Of these the following may be the more 
common: bear’s-breech {Acanthus)^ Ruellia, Pseuderanthemum, Aphelandra, 
clock vine {Thunhergia), Jacobinia, Fittonia, shrimp plant {Beloperone), Jiisticia, 
and cardinal's guard i^Pachystachys). 

LITERATURE: 

Fernald, M. L. Riiellia in the eastern United States, Rhodora, 47: 1-38, 47 63, 69 90, 
1945. 

Hartmann, A. Zur Entwicklungsgeschichte und Biologie der Acanthaceen. Flora, 116- 
216 258, 1923. 

Kobuski, C. E. a monograph of the American species of the genus Dyschotiste. Ann 
Mo. Bot. Card. 15: 9-90, 1928. 

Penfound, W. T. The biology of Dianthera americana L. Amer. Midi. Nat. 24: 242 • 
247, 1940. 

Tharp, B. C. and Barkley, F. A. The genus Ruellia in Texas. Amer. Midi. Nat. 42: 1-86, 
1949. 


MYOPORACEAE.221 MYOPORUM FAMILY 




Fig. 285. Myoporaceae. a, Bonita daphnoides: Aa, fruiting branch, X 14; Ab, flower, 
X IVi. B, Myoporum laetum: Ba, flowering branch, X 14; Bb, flower, X 3; Be, same, 
perianth expanded, X 3. (From L. H. Bailey, Manual of cultivated plants, The Mac- 
millan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Shrubs or infrequently trees, herbage often with stellate, glandular, or plumose 
hairs; leaves alternate or rarely opposite, simple, entire, estipulate; inflorescence a* 
fasciculate cyme or the flowers solitary in leaf axils; flowers bisexual, zygomorphic 
or rarely actinomorphic, the calyx 5-lobed or -fid, persistent, the corolla usually 
5-lobed, imbricate, sometimes bilabiate; stamens epipetalous, alternate with 
corolla lobes, 4 and didynamous (the fifth sometimes represented by a staminode) 
or rarely same number as corolla lobes, the anthers 2-celled, the cells often 
divergent and apically confluent, dehiscing longitudinally; pistil 1, the ovary 
superior, bilocular or the locules 3-10 by false septation, the carpels 2, the ovules 
superposed in pairs and 2-8 in each locule, pendulous, anatropous, the style 1 and 
simple, stigma 1; fruit a berry or drupe; seed with scant or no endosperm. 

A family, mostly of the Old World (except for a few in Pacific Islands), of 5 
genera and about 110 species, chiefly Australian and neighboring islands. The 

The name Myoporaceae has been conserved over earlier names for this family. 
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larger genera are Myoporum (about 30 spp.) and Pholidia (60 spp.) None is 
American. 

Several species of Myoporum and Bontia are cultivated as ornamental shrubs 
in the warmer parts of the country. 


PHRYMACEAE. LOPSEED FAMILY 



A family of somewhat doubtful taxonomic status, composed of a single mono- 
typic genus (Phryma Leptostachya), and allied to the Verbenaceae from which 
it differs chiefly in the ovary possessing a solitary erect orthotropous ovule. In addi- 
tion the plant, a perennial herb, is characterized by the flowers solitary in opposing 
axils disposed in elongated slender terminal spikelike racemes and becoming 
strongly reflexed in fruit; the calyx bilabiate; the corolla is bilabiate with lower lip 
3-lobtd and much larger than the upper; the stamens 4 and didynamous; ovary 
bicarpellate, unilocular and iiniovulate; the fruit a 1 -seeded nutlet enclosed by the 
persistent calyx; the seeds without endosperm and the cotyledons convolute. 

Phryma is indigenous to eastern North America and northeastern Asia. Some 
authors have recognized the Asiatic populations to comprise 3 species while others 
treat them as conspecific with the American plant. 

Bentham and Hooker, Hallier, and Hutchison treated the genus as belonging in 
the Verbenaceae. Engler, Bessey, and Wettstein and most American botanists have 
accepted Phrymaceae as a distinct family, and Rendle did not account for them. 

Phryma is of no known economic importance. 

LITERATURE: 

Holm, T. Phryma leptostachya L., a morphological study. Bot. Gaz. 56; 306-318, 1913. 

Ord^r 41. PLANTAGINALES 

This order is composed of only the single family, Plantaginaceae, and the phyletic 
position assigned it by various authors is given in the discussion under the family. 

PLANTAGINACEAE.'*^^ PLANTAGO FAMILY 

Herbs or rarely branched subshrubs; leaves all basal or nearly so, commonly 
alternate or rarely opposite, sometimes much reduced, venation often seemingly 
parallel, the bases often sheathing, estipulate; inflorescence bracteate but without 

222 ji^e name Plantaginaceae has been conserved over other names for this family. 
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bracteoles, scapose, capitate or spicate; flowers usually bisexual, actinomorphic, the 
calyx tubular and 4-toothed (sometimes deeply divided), membranous, the corolla 
scarious, typically 4-lobed or -toothed (sometimes 3-lobed), imbricate; stamens 
epipetalous and alternate with corolla lobes, 4 and equal or rarely 1-2, exserted, the 
anthers 2-celled, large, versatile, dehiscing longitudinally; pistil 1, the ovary supe- 
rior, the locules 1-4 (usually 2), the carpels 2, the ovules 1 or more in each locule, 
semianatropous, the placentation usually axile (free-central or basal in unilocular 
ovary); the style 1, filiform, bifid, bearing stigmatic hairs; fruit a circumscissile 
capsule or a bony nut; seeds with small straight embryo enveloped by a fleshy 
endosperm. 



Fig. 287. Plantaginaceae. Plantago aristata: a, plant in flower, X Vfe; b, inflorescence, X 1; 
c, flower, habit, with bract, X 6; d, same, vertical section, X 6; e, c ‘psule, dehiscing, X 5. 


A family of 3 genera: Plantago a cosmopolitan genus of about 200 spp., Litorella 
of Europe and the antarctic with 2 species, and the monotypic Andean Bougueria. 
Plantago is widespread through this country, where it is represented by about 
30 species, of which 4 are naturalized from Europe. 

The Plantaginaceae are readily distinguished by their usually rosulate foliage 
and apparent parallel venation, the spicate or capitate inflorescences on stout or 
wiry scapes, the 4-merous flowers (gynoeemm bicarpellate) with membranous 
corollas, the stamens much exserted on wiry filaments, and producing an abund- 
ance of dry powdery pollen. 

Wettstein and Hallier included the family in the Tubiflorae, as allied to the 
Scrophulariaceae. Bessey placed it in his Primulales as derived from or related to 
the Plumbaginaceae. Hutchinson (1948) retained it in the Plantaginales and de- 
rived the order from primulaceous ancestors. 

The Plantaginaceae are of importance primarily as a source of Psyllium seeds 
{Plantago Psyllium) whose mucilaginous seed coals have made them of reputed 
laxative value. A number of species are noxious lawn weeds. 

LITERATURE: 

PiLGER, R. Plantaginaceae. In Engler, Das Pflanzenreich, 102 (IV. 269): 1-466, 1937. 

Order 42. RUBIALES 

An order of largely paleotropical distribution, whose plants are characterized 
by usually opposite leaves and cymose inflorescences; the gamopetalous flowers 
vary from actinomorphic to zygomorphic, the ovary is inferior, and the anthers 
are always distinct. 

Engler and Diels included the following 5 families in the order, of which all 
except Dipsacaceae have species indigenous to this country: Rubiaceae; Adoxaceae; 
Dipsacaceae; Caprifoliaceae; Valerianaceae. 
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The order has been accepted as a natural taxon by all recent taxonomists, except 
Hutchinson, who restricted the Rubiales to contain the Rubiaceae and Caprifolia- 
ceae and transferred the remaining families to his Asterales, a view he modified 
later (1948) by placing the 3 latter families in a new order, the Valerianales, and 
treating the Rubiales and Valerianales as very unrelated taxa. He derived the 
former from loganiaceous ancestors, and the latter from the Saxifragaceae, indicat- 
ing (p. 204) that they “have had a very different phylogenetic history from the 
Compositac, and that the supposed affinity is due to convergent evolution.” 


RUBIACEAE.''^^ MADDER FAMILY 



Fig. 288. Rubiaceae. A, Crucianella stylosa: Aa, flowering stems, X Vs\ Ab, flower with 
subtending bract, X U/ 2 ; Ac, same, vertical section ( corolla-lobes excised), X 2; Ad, 
ovary, vertical section, X 5; Ae, ovary, cross-section, X 8; Af, stigma, X 4. B, Ixora coc- 
cinea: Ba, flowering twig, X V 2 ; Bb, flower, perianth expanded, X V 2 ; Be, opening bud 
tip, vertical section, showing stamens, X 1. (From L. H. Bailey, Manual of cultivated 
plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 

Tress or shrubs, sometimes lianous, infrequently herbs; leaves opposite or 
whorled, simple, entire or rarely toothed, the stipules present and interpetiolar or 
intrapetiolar, sometimes foliaceous and not distinguishable from the leaves (as in 
the Galieae) or reduced to glandular setae (as in Pentas), distinct or connate; in- 
florescence basically a dichasial cyme (only the central flower present in some, as 
Gardenia), the dichasia sometimes aggregated into globose heads (the flowers be- 
coming basally adnate, as in Morinda or Sarcocephalus) ; flowers bisexual, usually 
actinomorphic or rarely zygomorphic and somewhat bilabiate (as in Henriquezia), 
calyx 4-5-lobed, the lobes or segments open in aestivation, sometimes becoming 
enlarged in fruit (as in Neniatostylis), the corolla gamopetalous, usually salver- 
form, rotate or funnelform, 4-5-lobed (rarely 8-10), aestivation various and pro- 
viding sectional characters; stamens as many as corolla lobes and alternate with 
them, epipetalous on the corolla tube, the anthers 2-celled, dehiscing longitudi- 
nally, introrse, usually distinct; pistil 1, the ovary inferior (rarely superior, as in 
Pagamea, or half inferior, as in Synaptanthera) , the carpels 2 or more, the locules 
usually 2 with axile or seemingly basal placentation, sometimes several (or 1 with 
parietal placentation in Gardenia), the ovules usually numerous in each locule 
(uniovulate in Pavetta with ovule sunken in the fleshy funiculus), the style 1 and 
slender, often 2-branched, the stigmas usually linear, 1 on each style branch, or 
solitary and 2-lobed; fruit a loculicidal or septicidal capsule or indehiscent and 
separating into 1-seeded segments {Galium), a fleshy berry in some genera {Coffea, 
Mitchella); seeds sometimes winged, the endosperm usually copious and fleshy or 
rarely cartilaginous (none present in the Guettardeae). 

223 The name Rubiaceae has been conserved over other names for this family. 
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The Rubiaceae are a large pantropical and subtropical family of nearly 400 
genera (of which nearly half are monotypic) and 4800 to 5000 species. Species 
and genera of the tribes Gaheae, Anthospermeae, and Oldenlandieae are predom- 
inantly herbaceous, and extend into temperate zones {Nertera extends from the 
equator to Cape Horn, and Galium from the equator to the arctic). The family 
is especially abundant in northern South America. About 50 genera occur indige- 
nously in Mexico, and 14 in the United States. Notable among the latter are 
Houstonia, Galium, and Cephalanthiis in the cooler parts, and Hedyotis {Olden- 
landia), Diodia, Pentodon, Pinckneya, and Boiivardia primarily in the warmer 
areas. Other genera in the southwest include Kellogf^ia and Crusea. 

The Madder family is closely allied to the Caprifoliaceae, and there is no single 
character distinguishing them. In general, the presence of stipules in the Rubiaceae 
and the usual lack of them in Caprifoliaceae is a good field character. 

The Rubiaceae are of economic importance primarily for several tropical crops, 
notably coffee (Coffea), quinine (Cinchona), and ipecac (Cephaelis). In addi- 
tion to these a number of ornamentals grown in this country include gardenia 
(Gardenia), madder (Rubia), bead plant (Nertera), partridgeberry (Mitchella), 
and species of Galium, Asperula, Ixora, Bouvardia, Manettia, Coprosma, and 
Serissa. 

LITERATURE: 

Fagerlind, F. Embryologische, zytologische und bestaubungs-experimentelle Studien in 
der Familie Rubiaceae nebst Bemerkungen fiber einige Polyploiditatsprobleme. Acta. 
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Homeyer, H. Beitrage zur Kenntnis der Zytologie und Systematik der Rubiaceen. Bot. 
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JosHi, A. C. A note on the morphology of the ovule of Rubiaceae with special reference 
to cinchona and coffee. Curr. Sci. 7: 236-237, 1938. 

JovEi, P. Aux confins des Rubiacees et des Longaniacees. Not. Syst. [Paris] 10: 39- 
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CAPRIFOLIACEAE.^^'^ HONEYSUCKLE FAMILY 

Shrubs, sometimes lianous (Lonicera spp.), rarely herbaceous (Triosteum and 
Samhucus Ehidiis) or suffrutescent (Linnaea); leaves opposite (connate-perfoliate 
in Lonicera spp.), usually simple, rarely pinnately compound (Samhucus), usually 
estipulate (stipulate in Samhucus) or the stipules reduced to nectiferous glands 
(as in Viburnum, Leycesteria); inflorescence cymose or modifications of it (race- 
mose monochasium in Diervilla), usually bracteolate in some 2-flowered cymes, 
the adjoining ovaries basally or wholly adnate (Kolkwitzia); flowers usually bi- 
sexual (sterile or neutral “flowers” produced in some Viburnum spp.), actino- 
morphic or zygomorphic, the calyx 5-lobed or -toothed, usually small, the corolla 
gamopetalous, typically 5-lobed, variable in form, often bilabiate, rotate, or salver- 
form, lobes imbricate; stamens epipetalous and alternate with corolla lobes, dis- 
tinct, typically 5 or 4 (by suppression of posterior stamen, as in Linnaea or 
Dipelta), the anthers 2-celled, dehiscing longitudinally, generally introrse (extrorse 
in Samhucus); pistil 1, the ovary inferior, the carpeis usually 3-5, the locules 
1-5, the placentation typically axile with an approach toward parietal, the ovules 
usually 1 in each locule (numerous in Leycesteria), pendulous, the style 1, slender 

224 The name Caprifoliaceae has been conserved over other names for this family. 

223 For explanation and interpretation of carpellary situation in several genera of this 
family, see especially the papers by Wilkinson (1948-1949). 



714 


SELECTED FAMILIES OF VASCULAR PLANTS 


or obsolete, the stigmas as many as carpels and distinct or united; fruit a berry 
or drupe; seeds with usually a small straight embryo, the endosperm copious and 
soft to watery-fleshy (firm-fleshy in Viburnum). 



Fig. 289. Caprifoliaceae. a, Lomcera tatarica: Aa, flowering branch, X Vi; Ab, flower, 
X 1; Ac, same, vertical section, X 1; Ad, ovary, cross-section, X 10. B, Kolkwitzia ama- 
bills: Ba, flowering branch, X V 2 \ Bb, flower and bud, X 1; Be, coiolla expanded, X 1; 
Bd, ovaries, vertical section, X 2; Be, same, cross-section, X 10. C, Viburnum tomento- 
sum: Ca, flowering branch, X Cb, sterile flower, X Vi; Cc, perfect flower, X 3; Cd, 
same, vertical section, X 3; Ce, ovary, cross-section. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty 
H. Bailey.) 


A family of about 18 genera and 275 species, primarily of the northern 
hemisphere (spp. of Sambucus and Viburnum occur in South America, and Alseu- 
osmia is endemic in New Zealand) and particularly in eastern Asia and eastern 
North America. The largest genera include Lonicera (180 spp.), Viburnum (120 
spp.), Abelia (30 spp.), and Sambucus (20 spp.). All except Abelia have species 

*2® The monotypic genus Adoxa was retained in the Caprifoliaceae by Bentham and 
Hooker and in the 7th edition of Gray's Manual. Most phylogenists have treated it as 
a separate family, the Adoxaceae. Its phyletic position is yet in considerable doubt, but 
the family differs from the Caprifoliaceae in the absence of any apparent calyx, the 
splitting of each stamen almost to the filament base (anthers 1 -celled), the ovary half 
inferior, the style 3-5-parted, and the fruit a dry berry containing 3-5 cartilaginous 
nutlets. 
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indigenous to the United States, as do also the genera Symphoricarpos, Dierviila, 
Linnaea, Triosteum. 

The family is readily distinguished from most other families (except Riibiaceae) 
by the inferior ovary, opposite leaves, and multicarpellate ovary. The difficulty of 
separating it from Rubiaceae has been indicated under the latter family. 

Economically the family is important primarily for a number of hardy orna- 
mental shrubs, although wine made from the ripened fruit of Samhucus is popular 
in many localities. Most of the genera have species of ornamental value, and over 
100 species, representing 13 genera, are currently offered by the American trade. 
Notable among these genera are the honeysuckles (Lonicera), coralberry or snow- 
berry {Symphoricarpos)i elderberry (Samhucus), beauty bush (Kolkwitzia), bush 
honeysuckle (Dierviila)^ twinflower (Linnaea), and Viburnum, Ahelia, Leycesteria, 
and Weificla. The species Lonicera japonica has become naturalized in much of 
eastern United States and is a noxious weed. 
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VALERIANACEAE. VALERIAN FAMILY 

Annual or perennial herbs, rarely subshrubs; leaves in basal rosettes or opposite, 
often pinnately much divided (at least the cauline ones), estipulate, the bases 
often sheathing; inflorescence a many-flowered compound dichasial cyme or mono- 
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chasium, sometimes condensed and capitate, bracteate and usually bracteolate; 
flowers bisexual or unisexual (the plants then usually dioecious, as Valeriana spp.), 
irregular (almost regular in Patrima), the calyx usually tardily developing, rep- 
re %ented by an epigynous ring or rarely 2-4-toothed (as in Fedia) which develops 
in fruit (the subtending bracteoles sometimes mistaken for the calyx), the corolla 
usually tubular and 5-lobed, imbricate, often basally spurred or saccate, sometimes 
bilabiate (Centranthus); stamens epipetalous and alternating with corolla lobes, 
varying in number (4 in Patrinia, 3 in Valeriana and Valerianella, 2 in Fedia, 1 in 
Centranthus) , the anther cells 2-celled, dehiscing longitudinally; pistil 1, the ovary 
inferior, basically 3-loculed but 2 locules usually suppressed (presence evident in 
Valeriana and Fedia) and sterile, the carpels 3, the ovule solitary, pendulous, anat- 
ropous, the placentation basically axile but seemingly parietal, the style 1 and 
slender, the stigma simple or of 2-3 branches or lobes; fruit an achene, the calyx 
often developing into a winged, awned or plumose pappus; seed with straight 
embryo, the endosperm absent. 



Fig. 290. Valerianaclae. Valeriana otficinalis: a, portion of inflorescence, X I/ 2 ; b, 
flower, X 3; c, same, vertical section, X 4; d, leaf, X 14. (From L. H. Bailey, Manual of 
cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 by Liberty H. 
Bailey.) 


A family of 10 genera and about 370 species, mostly of the north temperate 
region except for occurrences in the Andes of South America. Valeriana (about 
210 spp.) is the largest genus and is represented in the United States by about 6 
spec.es. Valet ianella has 19 (of 64) species indigenous to this country. Plectritis 
has about 4 species in this country and 4 m Chile. 

The Valenanaceac are readily identified by the irregular often spurred or saccate 
flowers, the reduction in stamen number, the tncarpellate ovary and its 2 abortive 
ovules and locules, the inferior ovary terminated by an annulate calyx, and by the 
developnicnt of the calyx on the 1 -seeded nonendospermous fruit. 

Economically the family is of domestic importance only for a few ornamentals. 
n(4ahly red valerian {Centranthus ruber), common valerian or garden heliotrope 
{Valeriana officinalis), corn salad {Valenanella), and African valerian {Fedia 
eriocarpa). Valeriana officinalis is the source of a drug used to some extent in 
the treatment of some cardiac ailments. 

LITER A rUKE: 

Dy\l, S. C. Valenanella in North America. Rhodora, 40; 185-212, 1938. Cf. also 
pp. 465 467. 

The term irregular is used here in contrast with zygomoiphic, for in the Valeriana- 
ceae the flower usually has no single plane of symmetry. 
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CAMPANULACEAE.23' BELLFLOWER FAMILY 



Fig. 293. Campanulaceae subfamily Campanuloideae. A, Jasione perennis: inflorescence, 
X 1. B, Adenophora polymorpha: Ba, flower, vertical section, X I/ 2 ; Bb. detail of gland 
above ovary, X 2. C, Campanula latifoliai Ca, flowering branch, X Vi\ j£h\ flower, 
v*?rtical section, X 1; Cc, ovary, cross-section, X 3; Cd, capsule, X about 1; (te, detail of 
gland above ovary, X 2. D, Michauxia campanuloides: flower, X '/i. E, Platycodon grandi- 
florum: Ea, flower and bud, X 1 / 2 ; Eb, capsule, X V 2 . (g gland.) (From L. H. Bailey, 
Manual of cultivated plants, The Macmillan Company, 1949. Copyright 1924 and 1949 
by Liberty H. Bailey.) 

Annual or perennial herbs or subshrubs, rarely arborescent (trees to 30 feet 
high in Clermontia spp.), sap watery or milky; leaves alternate or rarely opposite 
(whorled in Ostrowskia and in Siphocampylus spp.), simple, estipulate; inflores- 
cence basically a determinate dichasial or monochasial cyme, and seemingly 
racemose or thyrsiform (superficially paniculate), sometimes the flowers in 
involucrate heads or solitary in leaf axils, usually bracteate and often bracteolate; 
flowers bisexual, actinomorphic to zygomorphic, the calyx lobes 3-10 and usually 
5, imbricate or valvate, the corolla actinomorphic and campanulate or tubular to 
strongly bilabiate, often split down 1 side when zygomorphic, valvate, lobes or 
segments variable in number but usually 5 (usually 6 in Canarina and Michauxia, 
or 3-4 in Wahlenbergia and some Edrianthus), clearly gamopetalous in most genera 
but sometimes seemingly polypetalous and the petals distinct (as in Phyteiima, 
Michauxia), sometimes absent (apetalous cleistogamous flowers present in Lege- 
nere, Heterocodon, and Specularia spp.); stamens as many as corolla lobes or petals 
and alternate with them, distinct or variously coherent or connate, the filament 
bases often expanded, forming a dome-shaped chamber over the nectiferous epigy- 
nous disc (the latter enlarged and glandlike in Adenophora), epipetalous at the 
extreme base of corolla or more commonly seemingly free from the corolla, the 
anthers 2-celled, dehiscing longitudinally, introrse, distinct, coherent or connate 
(connation complete or connate anthers split wholly or partially down 1 side); 
pistil 1, the ovary inferior (half inferior in Wahlenbergia, Diastatea, Lobelia spp. 
and Edrianthus or superior in Cyananthiis of Asia), 3-l()-lobed, the carpels 
typically 5 or 2 (in Lobelioideae), the locules 2, 3, 5, or rarely 10 (by false septa- 
tion), the placentation axile (ovary unilocular with 2 parietal placentae in Downin- 
gia, Legenere, and Howe Ilia of western North America, in Apetahia of Tahiti, and 
sometimes so, with deeply intruded placentae, in spp. of tropical American Sipho- 

The name Campanulaceae has been conserved over other names for the fam !y. 
The Campanulaceae are treated here to include also (as a subfamily) the taxon s^pa- 

by some authors as the Lobeliaceae. 
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campy lus)f the ovules numerous and anatropous (rarely few and seemingly basal, 
as in Merciera and Siphocodon of Africa), the style 1 and slender, sometimes With 
2-5 branches, the stigmas (or stigma lobes) usually 2-5; fruit a capsule dehiscing 
apically by slits (Wahlenberginae, and Lobelia and relatives), circumscissilely (as 
in Lysiponiia), or more commonly by apical or basal pores, sometimes a berry (as 
in Canarina and Centropogon); seeds with a small, usually straight embryo ancf 
a copious fleshy endosperm. 

The Campanulaceae (including the Lobelioideae) are a family of about 60 
genera and 1500 species, widely distributed over the earth, and mostly in temperate 
and subtropical regions, with most of the tropical representatives occurring at the 
higher elevations. The larger genera include (together with an approximate numbei 
of species) Campanula 230, Lobelia 225, Siphocampylus 200, Centropogon 200, 
Wahlenbergm 70, Phyteuma 40, Cyanea 50, and Lightfootia 40. Genera with 
species indigenous to this country belong to the Campanuloideae and Lobelioideae, 
Those of the Campanuloideae include Campanula, Triodanis, Heterocodon, and 
Githopsis, and those of the Lobelioideae include Nemacladus, Parishella, Dow- 
ningia, Howellia, Porterella Legenere, Lobelia, and Hippobroma. Only Campa- 
nula, Triodanis, and Lobelia are widespread throughout the country, Hippobroma 
occurs only in southern Florida as a northern extension from the West Indies, and 
the remaining genera occur primarily in the southwestern and Pacific coast states. 

Some authors, notably the American, have treated the Campanulaceae as a 
family distinct from the Lobeliaceae. However, most monographers and students 
of these taxa (including MeVaugh), and most phylogenists (except Hutchinson) 
have treated them as comprising 2 of the 3 subfamilies of the Campanulaceae 
(Campanuloideae, Cyphioideae, and Lobelioideae). The dominant genus in the 
first and third of these subfamilies (Campanula and Lobelia, respectively) contrast 
strongly with one another, but when all genera are taken into consideration, the 
differences and distinctions become less significant. For a review of the situa- 
tion see MeVaugh (1945, pp. 13-17). 



Fig. 294. Campanulaceae subfamily Lobelioideae. Lobelia Erinits: a, flowering branch, 
X V 2 ', b, flower, X 2; c, same, vertical section, X 2; d, flower, less perianth. X 4; e, ovary, 
cross-section, X 8. (From L. H. Bailey, Manual of cultivated plants, The Macmillan 
Company, 1949. Copyright 1924 and 1949 by Liberty H. Bailey.) 


The Campanulaceae are distinguished from other allied families by the usually 
inferior ovary with typically axile placentation and many ovules on 2-5 placentae, 
and by the stamens frequently united by coherence or connation of filaments or 
anthers. 

The family is economically of domestic importance only for the relatively large 
number of ornamentals. About 120 species of bellflowers (Campanula) are culti- 
vated, as also are about 20 species of Lobelia, 10 of W ahlenbergia, of Edrianthus, 
and of Codonopsis, and one or a few species of Platycodon, Ostrowskia, Michauxia, 
Adenophora, Specularia, Sympyandra, Jasione, Pratia, and Phyteuma, 
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GOODENIACEAE.^®^ GOODENIA FAMILY 



Fig. 295. Goodeniacfae. Scaevola Plumeri: a, flowering branch, X b, flower, habit, 
side view, X D/ 2 ; c, top of ovary and calyx, X 5; d, coiolla-lobe, X 3; e, stigma with 
indusiumlike cup, X 5; f, flower (basal portion), vertical section, X 5; g, ovary, cross- 
section, X 5; h, fruit, X 4. 

Perennial herKs or small shrubs, lacking milky sap; leaves alternate or rarely 
opposite or basal, simple, estipulate; inflorescence determinate, cymose or racemose 
or sometimes capitate, paniculate or solitary; flowers bisexual, usually zygomorphic, 
the calyx 5-lobed, the corolla usually 5-lobed, bilabiate or rarely 1 -lipped, vaU 
vate or induplicate; stamens 5, alternate with corolla lobes, free or rarely shortly 
adnate to corolla base, distinct or the anthers coherent and forming a cylindei 

^•‘*2 The name Goodeniaceae has been conserved over other names for the family. It 
is to be noted that J. K. Small (Man. S. E. Flora, p. 1925, 1933) placed the genus 
Scaevola (included here in the Goodeniaceae) in the Brunoniaceae, but following Engler 
and Diels the latter family is held to contain only the monotypic genus Briinonia of 
Australia (flowers actinomoiphic in heads), and is treated separately in this text. 
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around the style, sometimes syngenesious, the anthers 2-celled, dehiscing longi- 
tudinally, introrse, pistil 1, the ovary inferior (occasionally half inferior or wholly 
superior, as in Velleia), the carpels 2, the locule 1 or 2, the ovules 1, 2, or many, 
anatropous, ascending, the placentation basal or axile, the style 1 and filiform, the 
stigma simple or 2-3-branched and surrounded by a subtending indusiumlike cup: 
fruit usually a capsule dehiscing by valves, or a berry drupe or nut; seed with a 
straight embryo and a fleshy endosperm. 

A primarily Australasian family of 10-12 genera and about 300 species, with 
species of Scaevola pantropically distributed along the coasts of both hemispheres. 
Scaevola Plumieri, a suffrutescent subshrub, is indigenous on sand dunes of pen- 
insular Florida. The Goodeniaceae are accepted generally to be closely alliec to 
the Lobelioideae of the Campanulaceae, and differ from them primarily in the 
complete absence of a milky latex, in the more complex anatomy of cambial tissue, 
and by the development of the indusiate pollen-collecting cup that subtends the 
.stigmas. 

The family is of no known economic importance. 


BRUNONIACEAE. BRUNONIA FAMILY 



Fig. 296. BRUNONiACbAb. Bnmonia australis: a, habit, X Vs: b, inflorescence, X Wi: c, 
flower, with subtending bracts, X 4; d, same, vertical section, X 4: e, upper portion of 
androecium showing syngenesious antheis, X 5; t, pistil, X fv g, fiuit, X 3. 


A family of Australia, represented by the monotypic genus Briinonia, a perennial 
herb about a foot high with spatulate leaves in basal rosettes, closely allied to 
the Goodeniaceae, from which it differs in the flowers actinomorphic or very nearly 
so, arranged in a capitate head, the perianth and androecium 4 or 5-merous, 
stamens 5 and syngenesious, the ovary superior, unilocular, and apparently uni- 
curpellate, with a single basal anatcppous ovule, the style simple, the fruit a small 
nut and the seed lacking endosj^Srm. 

Earlier botanists accepted it as a subfamily of the Goodeniaceae, but most recent 
workers elevated it to the rank of family. 

The single species Bnuwnia australis, known as blue pincushion, is cultivated in 
this country as a hardy perennial. 

STYLIDIACEAE.-*‘ STYLTDIUM FAMILY 

Perennial herbs or small shrubs, lacking milky sap; leaves usually in basal rosettes 
and grasslike, estipulate; inflorescence mostly scapose, racemose or corymbose; 
flowers bisexual or unisexual (the plants then usually monoecious), usually zygo- 

The name Stylidiaceae has been conserved over other names for the family. The 
generic name Stylidium Swartz (1805) was conserved over Candollea Labill (1805), and 
since this is the type genus of the family, the name of the latter was changed from 
#’andolleaceae to Stylidiaceae. 
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SUGGESTED SYLLABUS FOR ELEMENTARY 
COURSE IN TAXONOMY 


Many schools offer a single course in plant taxonomy as an elective to students 
majoring in general biology or arts and sciences, and who pre’*iously may have 
completed only an introductory course in biology or botany. Few of these students 
may become professional botanists, and a taxonomy course to meet their needs 
must be on a relatively elementary level. In this connection it is recognized that 
this textbook includes material beyond the interest and grasp of that student. On 
the other hand, effort has been made to introduce each phase of the subject at an 
elementary level and to give it depth by including also supporting evidence, supple- 
mentary material, and references to detailed studies that are primarily of interest 
to the advanced student. 

The syllabus that follows is provided as a possible aid to the instructor in 
organizing an introductory 1-term course in taxonomy. It is only a suggestive out- 
line. It represents a composite opinion obtained from several teachers of elemen- 
tary taxonomy courses in the United States, and it is based on the presumption 
that the course will consist of two weekly lectures for a 15-week term, together 
with integrated laboratory periods. In the preparation of this syllabus, cognizance 
has been taken of the monotony that may result from an extended series of lec- 
tures on selected families, and it is believed that this may be alleviated in part 
by the interspersion of lectures on other taxonomic subjects. No laboratory syllabus 
is included, since its subject matter will depend on the season of the year, avail- 
ability of material, and accessibility of areas for field study. However, experience 
has shown that some of the lecture topics are best covered when coordination exists 
between the lecture and laboratory. In these instances, suggested laboratory topics 
are indicated. Parenthetical numbers in leads of the syllabus refer to pertinent text 
pages. 

Lecture I 

A. Definitions 

1. Taxonomy (3); 2. Identification (3 4); 3. Nomenclature (4); 4. Classification 
(4-5). 

B. Objectives of the course 

1. Significance of taxonomy (6 7); 2. Relationships to other botanical disciplines 
(7-8); 3. Acquisition of a familiarity with (a) terminology, (b) literature, (c) use 
of keys, (d) botanical nomenclature, (e) bases of plant relationship, (f) selected 
families of vascular pLnts. 

C. Plant classification 

1. Necessity for (10-12). 

2. Historical review of 

(a) Pre-Linnaean systems (14-18), (b) Linnaeus* systems and other contribution* 
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(18-26), (c) natural systems (26-33), (d) presumed phylogenetic systems (33- 
38), (e) present trends (38-39). 

Suggested laboratory exercises 

Study of vegetative structures and their terminology as used in identification (57). 
Keys (use and construction of) for vegetative material (228). 

Identification of woody- material by aid of keys (such as Muenscher’s Keys to 
Woody Plants). 

Lecture 11. Evolution and units of classification 

A. Evolution and its significance to taxonomy (92-94, 172) 

B. Units of classification, the components of an evolutionary schema (217) 

C. Species 

1. Concepts of (50); 2. Species name a binomial (194); 3. Subdivisions of: (a) 
subspecies (55), (b) varietas (55), (c) forma (56). 

D. Genus 

1. Concepts of (48-49); 2. Names are nouns (206); 3. Subdivisions of (50). 

E. Family (46-47, 206) 

F. Order (46, 205) 

G. Class (46) 

H. Division (44) 

Suggested laboratory exercises 

Demonstration in laboratory or in the field of material to illustrate several species 
(with a few variants) of (a) 1 genus, (b) of 2 genera of same family, (c) and of 
species representative of 1 or 2 other families (to illustrate family characteristics). 
Emphasis to be placed on (a) similarities of relationships; (b) the species as a 
biological unit comprised of 2 or more intraspecilic units, of which 1 is the nomen- 
clatural type of the species; and (c) names (and their endings) applied to the 
units. 

Lecture III. Pteridophyta — the ferns 

A. Characteristics (334) 

B. Morphological structures and their significance. 

1. Spore; 2. Sporangium; 3. Sorus; 4. Indusium; 5. Fronds (sterile and fertile, 
similar and dimorphic). 

C. Classification (335, 101) 

D. Selected families, emphasizing artificiality of 

1. Polypodiaceae (349); 2. Hydropterideae (352); 3. “Fern allies” (335-341). 
Note: for each family summarize distinguishing characteristics, relationships, 
world-wide distribution, local representatives, economic importance. 

Lectures IV and V. Gymnospermae 

A. Characteristics of the subdivision (355, 102) 

B. Orders, their characteristics, and important families 

1. Cycadales (356); 2. Ginkgoales (357); 3. Taxaceae (360); 4. Coniferae (364); 
5. Gnetales or Ephedrales (368) 

C. Selected families (see note under Pteridophyta) 

Suggested laboratory exercise to follow Lecture V (in anticipation of Lecture VI): 

(a) Gross morphology of reproductive structures and essential terminology (note 
starred [*] terms in Glossary), (b) structure of typical angiosperm flower( compo- 
nents of perianth, androecium, and gynoecium) (65-72), (c) types of ovaries and 
their origins (73), (d) evolution of inferior ovary (79-81), (e) variations of 
androecial situations (70-71), (f) basic fruit types (follicle, achene, capsule, berry, 
drupe, nut) (85-87). 

Lecture VI. — Angiospermae 

A. The angiosperms 

1. Characteristics and size (370); 2. Origins and possible affinities (103); 3. 
Phytogeny of (104); 4. Classification guiding principles of: (a) Engler (34), (b) 
Hutchinson (36, 133), (c) Bessey (36, 125). 

B. Dicotyledoneae and Monocotyledoneae 

1. Characteristics of each (371, 438); 2. Relative primitiveness of the two (107). 

C. Ranales 

1. Characteristics (489); 2. Reasons for presumed primitiveness (127, 135); 3. Com- 
position of (families) and why. 
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Lectures VII through IX 

Explanation of selected families, as indicated under III D above with coordinated 
laboratory exercises. 

Lecture X. Nomenclature 

A. Rules of nomenclature 

1. What are they? (200); 2. To whom do they apply? 3. The need for Latin 
names (192). 

B. Systems of nomenclature (194-195) 

1. Polynomial; 2. Trinomial; 3. Binomial. 

C. Codes of nomenclature 

1. Paris code (196); 2. Rochester (American code) (197); 3. Vienna code (198); 
4. Cambridge code (199). 

D. Significant features of current rules 

1. A plant may have only one valid name; 2. Explain nomina generica conservanda 
(205); 3. Requirements of legitimate names (207 210); 4. Citation of authors’ 
names (209); 5. Retention of epithets when taxa are remodeled, divided, or com- 
bined (210 212); 6. Conditions for rejection of a name (213); 7. Orthography of 
names (216). 

Suggested laboratory exercises 

(a) Study of sheets of problems comprising actual examples, to illustrate the 
application of important Articles of the Rules. 

Lectures XI through XII — Selected families 

Each to be taken up individually as noted under ITI-D. 

Students should be encouraged to make keys that will enable them to separate 
families one from another. 

Lecture XIV. Biosystematics 

Note: some instructors may prefer to substitute here a lecture* on plant geography 
and ecology (cf. pp. 141-165). 

A. Scope and objectives of the subject (169-172) 

B. Evolution 

1. Lamarckism, Darwinism, Mutation theory, significance of chromosomes and 
genes (172); 2. Review essentials of meiosis to establish significance of chromosome 
numbers to biosystematics; 3. Polyploidy (174), what it is and how achieved; 4, 
Biosystematic categories and their significance; 

(a) ecotype (176), (b) ecospecies (177), (c) cenospecies (178), (d) comparium 
(178). 

Importance to taxonomy (181 183). 

Limitations (186). 

Lectures XV through XVII — Selected families 
Lecture XVI II — Field and herbarium techniques 

A. Nature and significance 

B. Collecting procedures 

1. Use of vasculum (234); 2. Plant presses and drying techniques (235); 3. Field 
notes (269). 

C. Mounting and preserving dried plants (243 257). 

D. Organizing material in the herbarium (257-260). 

Lectures XIX through XXII — Selected families 
Lecture XXIII — Literature of taxonomic botany 

A. Types of literature. Explain what is meant by: 

1. A serial or journal (308); 2. A review serial (307); 3. A monograph and a 
revision (304); 4. A manual and a flora (275, 288). 

B. Important indices and their significance 

1. Index Kewensis (286); 2. Index Filicum (287); 3. Gray Herbarium Card Index 
(287); 4. Index Londinensis (288). 

C. Important floras and manuals of the United States and areas covered by each, to 
be selected from list (291). 

Lectures XXIV through XXVII — Selected Monocot Families 
Lecture XXVIII— Phylogeny 

Note: Some instiuctors prefer to substitute here, or as the last lecture, one on either 
(1) famous plant explorers and their contributions, or (2) taxonomists important in 
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the development of the science in this country. In the first group there might be in- 
cluded Marco Polo, Thunberg, von Humboldt, Bonpland, Spruce, Douglas, Forrest, 
David, E. H. Wilson, and Fairchild. In the second group, there should be included 
Walter, Muhlenberg, Bartram, Michaux, Sullivant, Torrey, Gray, Eaton, Rafinesque, 
Pujsh, Nutiall, Engelmann, Howell, Britton, Rydberg, Small, Jepson. 

A. Significance to taxonomy. 

B. Evidence used in phylogenic classifications (97-101) 

1. Paleobotanical; 2. Anatomical; 3. Morphological; 4 Phytogeograph ical; 5. Physio- 
logical; 6. Cytogenetical. 

C. Phylogenetic trends in the pteridophytes (101 ) 

D. Phylogenetic trends in the gymnosperms (102) 

E. Phylogenetic trends in the angiosperms (103, 108) 

Lectures XXIX and XXX. Selected Monocot Families. 
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Note: Generic names in parentheses are of taxa not accepted in this work as being taxo- 
nomically valid. Names of authors cited in the text are included in the index unless they 
appeared only in a bibliographic reference; an exception to this is that page references are 
not given to the repeated occurrence in Part Two of the names of Bentham and Hooker, 
Bessey, Engler, Hallier, Hutchinson, Rendle, and Wettstein. 


Abaca cloth, 427 
Abbe, E. C., 458 

Abbe, E. C. and Earle, T. T., 451, 452 
Abbreviations, periodical titles, 308-317; 

world herbaria, 273 
Ahelia, 714 
Abies, 364 
Abietineae, 364 
Abolboda, 404 

Abrams, L., 293, 377, 380, 386, 450, 484, 
531 

Abronia, 481 
Abiitilon, 593 
Acacia, 546, 547, 548 
Acaena, 541, 544 
Acalypha, 566 

Acanthaceae, described, 707-709 
Acanthineae, 676 
Acantholimon, 661, 662 
Acanthopanax, 643 
Acanthus, 708, 709 
Acer, 581 

Aceraceae, described, 581 
(Acerates), 675 
Achariaceae, 597 
Achatocarpaceae, 477 
Achillea, 730 
Achimenes, 705 
Achlys, 501 
Achras, 663 
{Achrosanthes) , 436 
Achyronychia, 488 
Acicarpha, 726 
Ackama, 536 
Acmena, 634 
Acnida, 479, 480 
Aconitum, 497, 499 
Acorus, 398 

Acrotonae, taxonomy of, 436 
Actaea, 496, 498 
Acthephyllum, 482 
Actinidia, 599 

Actinidiaceae, described, 599-600 


Actinomorphy, characteristics of, 84 
{Actinostachys), 346 
Actinostrobus, 366 

Adamson, R. S. and Slater, T. M., 301 

Adanson, M., 27, 42 

Adansonia, 595 

Adenia, 616 

Adenophora, 721, 722 

Adenostoma, 514 

Adiantum, 349, 350, 351 

Adicea, 465 

Admandra, 602 

Adlumia, 518 

Adolphia, 588 

Adoxa, 714 

Adoxaceae, 711; discussed, 714 
Adventive plant, defined, 279 
Aechmea, 406, 407 
Aegiphila, 687 
Aegopodium, 646 
Aeoniiim, 531 
Aeschynanthus, 705 
Aesculaceae, 582 
Aesciilus, 582 
Aethusa, 646 

Africa, floras of, 301, 302 
African cola, 596 
African mahogany, 561 
African valerian, 716 
African violet, 705 
Afzelia, 698 
Agapantheae, 413, 415 
Agathis, 362 

Agavaceae, of Hutchinson, 413, 415 
Agavales, of Hutchinson, 415 
Agave, 419, 420 
Agavoideae, 419 
Agdestis, 482 

Age and area theory, 160-161 
Ageratum, 727, 730 
Aglaonema, 400 
Agrimoma, 544 
Agrostemrna, 487 
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Agrostideae, 390 
AgrostiSf 390 
Ailanthus, 559 

Airplane photographs, sources of, 325; uses 
of, 268 

Aizoaceae, described, 482-484 « 

AjugOf 690 
Ajugoideae, 690 
Akariaceae, 549 
AkebiOf 500 

Alangiaceae, described, 631-632 

Alangium, WiH 

Alaska, floras of, 292, 293 

Albertisia, 503 

Albertus Magnus, 15 

Albidella, 383 

Albizia, 548 

Alchemilla, 541 

Alder, white, 650 

Aldrovanda, 528, 529 

Alefeld, A., 320 

Aletris, 419 

Aleurites, 566 

Alfaroa, 453 

Ahsma, 382, 383 

Alismaceae, described, 382-383 

Alismataceae, 382 

Alismatales, 376 

Alismateae, 383 

Alkali heath, 607 

Alkanet, 685 

Allamanda, 672, 673 

Allan, H. H., 174 

Allen, C. K., 513 

Allenrolfea, 478 

Allieae, 413, 415 

Allioideae, 415 

Allioniaceae, 480 

Alhum, 413, 416 

AUoplectus, 705 

Allspice, 634 

Mmond, 544; Indian, 633; tropical, 633 

Alnus, 457, 458, 459 

Alocasia, 399, 400 

Aloe, 413, 416 

Aloin, 416 

A Iona, 692 

Alophia, 424 

Alotropa, 651 

Aloysio, 687 

Alpha taxonomy, 170, 171 

Alpinia, 428 

Alpiniaceae, 427 

Alsinaceae, 486 

Alsophila, 348, 349 

Alston, A. H. G., 340 

Alstroemeria, 419 

Alstroemeriaceae, 419 

Alternanthera, 479 

\lternifoliae, families of, 127, 128 


Althaea, 593, 594 

Althenia, 377 

Altingiaceae, 537 

Alvaradoa, 559 

Alyssum, 521, 522 

Amarantaceae, 479 

Amaranthaceae, described, 479-480 

Amaranthoideae, 479 

Amaranthus, 479, 480 

(Amarantus), 479 

Amarylleae, 418 

Amaryllidaceae, described, 417-420; of 
Hutchinson, 413, 415, 419; of Pax, 419 
Amaryllidoideae, 419 
Amaryllis, 419, 420 
Ambelama, 672 
Ambrosia, 730 
Ambrosiaceae, 730 
Ambylanthus, 658 
Amelanchier, 545 
Amentaceae, 446 
Amentiferae, 446 
Amentotaxus, 362 

American code of nomenclature, 199 

American ebony, 665 

American periodicals, list of, 309-313 

American persimmon, 665 

Ames, O., 436 

(Amesia), 436 

Ammannia, 628 

Ammanniaceae, 627 

Ammiaceae, 644 

Ammobroma, 681 

Amomum, 428 

Amoreuxia, 610 

Amorpha, 546, 548 

A mo rpho phallus, 400 

Ampelidaceae, 588 

Ampelopsis, 589 

Amphiapomict, 185 

(Amphiglottis), 436 

Amphiploidy, 175, 176 

Amsmckia, 686 

Amsoma, 673 

Amsterdam Congress, 200 

Amygdalaceae, 543 

Arnyris, 557 

Anacampseros, 485 

Anacardiaceae, 568; described, 573-575 

Anacardiineae, 569 

Anacardium, 573, 574 

Anacharis, 385, 386 

(Anachelium) , 436 

Anagallis, 659, 660 

{Anamomis), 634 

Ananas, 407 

Anaphalis, 730 

Anatomy, importance to phylogeny, 98, 107 
Anchieta, 612 
Anchusa, 684, 685 



INDEX 


Ancistrocladaceae, 597 
Ancistrocladineae, 597 
Anderson, C. E., 415 

Anderson, E., 99, 106, 165, 174, 269-270, 
272 

Anderson, E. and Abbe, E. C., 99 
Andrews, H. N., Jr., 101, 104 
Androecium, morphology of, 67-72 
Andromeda, 654 
Andromedeae, 652 
Andropogon, 389 
Andropogoneae, 387, 390 
Androsace, 659 
Aneilema, 408, 409 
Anemia, 346 
Anemone, 498 
Anemoneae, 498 
Anemonella, 498 
Anemophilous flowers, 72 
Anemopsis, 444 
Anethum, 646 
Aneulopha, 554 
Angadenia, 673 
Angelica, 646 
Angelonia, 698 
Angiopteridaceae, 344 
Angiosperm anatomy, importance of, 97, 
108 

Angiospermae, a polyphyletic taxon, 106, 
107; described, 370 371 
Angiosperms, paleobotany of, 103-108; 

phylogeny of, 103-108; size of, 370, 371 
Anisacanthus, 708 
Anise, 646 
Anisomeria, 481 
Annona, 508, 509 
Annonaceae, desribed, 508-509 
Annotation of specimens, 272 
Annotation slips, use of, 272 
Anoda, 593 
{.Anogra^, 638 
Anonaceae, 508 
Anredera, 486 
Anthemideae, 730 
Anthemis, 728, 730 
Antennaria, 728, 730 

Anther, dehiscence types, 71; morphology 
of, 71; position of, 71 
Antholyza, 424 
Anthophyta, 370 
Anthospermeae, 713 
Anthriscus, 646 
Anthurium, 398, 400 
Antigonum, 476 
Antir^inoideae, 696 
Antirrhinum, 695, 696, 697 
Apargidium, 728 
Apetahia, 721 
Aphanes, 544 
Aphanisma, 478 


11 ^ 

Aphelandra, 707, 709 
(Aphyllon), 703 
Apiaceae, 644 
Apiastrum, 644 
Aptum, 645, 646 
Aplectrum, 436 

Apocynaceae, described, 672-673 
Apocynum, 673 
Apodanthera, 719 
Apodanthes, 474 

Apomicts, 183; nomenclature of, 185, 201 
Apomixis, 183-185 
Aponogeton, 379 
Aponogetonaceae, described, 379 
Aponogetonales, 376 
Apostasiaceae, 435 
Apostasineae, 435 
Appalachian highlands, 156 
Appendicular theory of ovary position, 
81 

Apple, 543; Balsam, 720 
Apricot, 544 
Apteria, 432 

Aquifoliaceae, described, 575-576 

Aquilegia, 497, 498 

Arahis, 521, 522 

Araceae, described, 398-400 

Arachis, 545, 548 

Aralia, 643 

Araliaceae, described, 642-643 
Araucaria, 362; ovules enclosed, 370 
Araucariaceae, described, 361-362 
Araujia, 675 

Arber, A., 65, 73, 107, 371, 387, 390, 467, 
516, 521, 525 

Arber, E. A. N. and Parkin, J., 98, 104, 134 

Arbutoideae, 652, 654 

Arceuthobium, 472 

Arceuthos, 366 

Archer, W. A., 246, 256 

Arctium, 728, 730 

Arctomecon, 516 

Arctopus, 644 

Arctostaphylos, 654, 655 

Arctotideae, 730 

Arctotis, 730 

Ardisia, 658 

Ardisiaceae, 657 

Arecaceae, 394 

Arecales, 394 

Arenaria, 487, 488 

Arethusa, 436 

Argemone, 516, 517 

{Argentina), 544 

Argentina, flora of, 297, 298 

Argyreia, 677 

Arillatae, 425 

Arisaema, 398, 399, 400 

Aristolochia, 473 

Aristolochiaceae, described, 473 
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Aristolochiales, described, 472 

AristotehOy 591 

Arnteridy 661 

Armeriaceae, 661 

Arnoracia, 521 

ArnicOy 728, 730 

Arnold Arboretum, 26 

Arnold, C. A., 101, 104, 105, 106 

Arnotto, 610 

Aroideae, 398 

Aronitty 544 

Arrangement of material in the herbarium, 
258-260 

Arrow grass family, described, 379 
Arrow poison, 675 
Arrowroot, 430 

Arrowroot family, described, 429 

ArtabotrySy 509 

ArtemisiQy 730 

Artichoke, globe, 730 

Articulatae, described, 335 

Artificial heat, to dry specimens, 242-243 

Artificial systems of classification, 14-26 

Artocarpaceae, 462 

Artocarpoideae, 463 

ArtocarpuSy 463, 464 

Arum family, described, 398 

AruncuSy 541 

Asaraceae, 473 

Asarum, 473 

AscarinOy 446 

Asclepiadaceae, described, 673-676 
Asclepiasy 674, 675 
{Asclepiodora)y 675 
Ascyrumy 605 

Ash, 668; mountain, 544; prickly, 557 

Asia, floras of, 300, 301 

Asiminay 509 

Asparagusy 413, 416 

Asperuldy 713 

Aspicarpa, 562 

Aspleniutriy 349 

{Astephanus) y 675 

Astery 728, 729, 730; China, 731 

Asteraceae, 726, 730 

Astereae, 730 

AstilbCy 534 

Astragalus y 547 

Astranthiumy 732 

Astrantidy 644 

iAtamasco)y 419 

Athrotaxisy 365 

AthyriutHy 349 

Atkinsia, 594 

Atlantic coastal plain, 154 

^toxiaceae, 569 

{Atragene) y 498 

AtripleXy 478, 731 

Atropa, 694 

Atropine, 694 


Atwood, W. W., physiographic provinces, 
154 157 
Aucubdy 647 
(Auliza)y 436 
Aurantiaceae, 556 
Australia, floras of, 302 
Australian bower plant, 700 
Australian tea tree, 634 
Austrotaxusy 360 

Author citation, in nomenclature, 209, 210 

Autoploidy, 175 

Autumn crocus, 416 

Averidy 391 

Averrhoay 550 

AvicenniOy 687 

(Aviculare)y 476 

Avocado, 513 

Axile placentation, defined, 75 

Ayenitty 596 

iAzalea)y 654 

(Azaleastrum)y 654 

AzarUy 614 

Azollay 354 

AzorellOy 646 

Babcock, E. B., 52, 159, 179, 181, 231 

Babcock, E. B. and wStebbins, G. L., Jr., 185 

Baby’s-breath, 488 

BacchariSy 730 

Backer, C. A., 319 

BaeriUy 732 

Bahama Islands, flora of, 297 
Bailey, F. M , 302 
Bailey, 1. W., 98, lOS 504 
Bailey, 1. W. and Nast, C. G., 506 
Bailey, 1. W. and Sinnott, E. W., 48 
Bailey, L. H., 216, 253, 256, 320, 326, 396, 
450, 484, 544, 618 
Bailey, L. H. and E. Z., 320 
Baileya, 728, 730 
Baillon, H., 289, 319 
Baker, H. B., 143 
Baker, H. G., 174 
Balanophoraceae, 474 
Balanophorales, 474 
Balanopsidales, 451 
BalbisiQy 551 
Baldiiina, 728 
Baldwin, J. T., Jr., 532 
Ballard, F., 249 
Balloon vine, 583 

Balsam, Canada, 364; of gardens, 586 

Balsam apple, 720 

Balsaminaceae, described, 585 -586 

Balsamineae, 569 

Bambuseae, 387, 389, 390 

Bancroft, H., 65 

Banisteriay 562 

Banksidy 468 

Baptisia, 546, 548 
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Barbadoes cherry, 562 
Barbarea, 521 
Barheretta, 417 
Barbeuieae, 482 
Bare lay Oy 490, 491 
Barley, 391 

Barnhart, J. H., 326, 530, 537, 706; bio- 
graphical hie, 326 

Barrier factors in phytogeography, 149 -150 

Barthriospermay 685 

Bartonia, 671 

(Bartoma)y 619 

Basal placentation, 78 

Basellay 486 

Baseliaceae, described, 486 
Basil, 690 
Basiphyllaeay 436 
(Basistelma), 675 
Basitonae, taxonomy of, 436 
Basket-of-gold, 521 
Basswood, 592 

Batidaceae, described, 455-456 
Batidales, described, 455 
(Batrachium), 498 

Battandier, J. A. and Trabut, L., 301 

Battiscombe, E., 301 

Bauera, 533 

Bauhin, J., 16, 17, 23 

Dauhimay 546, 548 

Bay, J. C., 305 

Bay rum, oil of, 634 

Bayberry, 451 

Bead plant, 713 

(Beadlea), 436 

Bean, W. J., 320 

Bean, common, 548; velvet, 548; yam, 548 

Bearberry, 654 

Beardtongue, 697 

Bear’s-breech, 709 

Beauty bush, 715 

Bechtel, H. R., 461, 462, 463, 465 

{Beckwithia) y 498 

Bedevian, A. K., 319 

Beech, 460 

Beech family, described, 459 
Beer, birch, 459 
Beet, 478 
Beetle, A. A., 216 

Beetles, control of in herbarium, 248-253 

Begomay 620, 621 

Begoniaceae, described, 620-621 

Begoniella, 621 

Begoniineae, 597 

Belamcanday 424 

Belk, E., 386, 390 

Belladonna, 694 

Bellair, G. and St.-Leger, L., 320 
Bellflower, 722 

Bellflower family, described, 721 
BelliSy 730 


Beloperoney 708, 709 
Belotiay 591 
Ben, oil of, 526 
Benedict, R. C., 352 
Bemneasay 720 
Benne, 701 

Bennettitales, alliance with Magnoliaceae, 
504; phyletic importance of, 105 
Benson, M. and Wellsford, E. J., 454 
Bentham, G., 42, 116, 117, 118, 298, 302 
Bentham, G. and Hooker, J. D., system ot 
classification, 31, 32, 33, 36, 46, 114, 115- 
118, 289; see also note p. 777 
(Benthamidia)y 647 
Benzoin, 513, 666 
{Benzoin) y 513 

Berberidaceae, described, 500-502 

BerberidopsiSy 614 

BerberiSy 501, 502 

BerchemiOy 588 

Bergeniay 534 

Berger, A., 531 

Bergia, 606 

Bergmans, J. B., 321 

Beridge, F. M., 460 

Bersamay 585 

Besleriay 705 

Bessey, C. E., 36, 38, j 9, 94, 95, 104, 106, 
107, 114, 115, 131, 134, 136, 333; ar- 
rangement of families, 127-130; diagram 
of system, 126; system of classification, 
36, 125-130; see also note, p. 776 
Besseyoy 698 
Betay Ally 478 
Betulay 457, 458, 459 
Betulaceae, described, 457-459 
Betuleae, 457 
Bews, J. W., 301, 390 

Bibliographies of taxonomic literature, 305, 
306 

Bichloride of mercury, as an insecticide, 
251, 252 

Bicornes, 649, 656 
{Bicuciilla)y 518 
Bidensy 728, 730 
Biebersteiniay 551 
Bignoniay 699, 700 
Bignoniaceae, described, 698-700 
Bignonieae, 699 
Billbergiay 406, 407 
Billia, 582 

Biochemistry, importance to phylogeny, 
160 

Biographical references, 326, 327 
Biosystematic categories, 176-179 
Biosystematics, aid in delimiting taxa, 181- 
182; apomixis, 183-185; crossing pro- 
grams, 180-181; cytogenetic analysis, 
180; defined, 169; endosperm as sterility 
barrier, 180; importance of environments, 
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179-180; infrageneric units, 181; limita- 
tions of, 186-188; methods, 179-181; re- 
lation to taxonomic interpretation, 181- 
183; role of environment, 179, 180; ste- 
rility barriers, 180, 182 
Biosystematics and cytogenetics, 169-188 
Biosystematics and modern taxonomy, 170- 
172 

Biotype, defined, 178-179 
Biovularia, 706 
Birch, 459 
Birch beer, 459 
Birch family, described, 457 
Bird-of-paradise flower, 427 
Bird’s-foot trefoil, 548 
Birthwort, 473 

Birthwort family, described, 473 
(Bistorta)y 476 
BixQy 609, 610 

Bixaceae, described, 609-610 
Black, J. M., 302 
Black olive, 633 
Black walnut, 455 
Blackberry, 544 

Bladdernut family, described, 579 
Bladderwort, 706 

Bladderwort family, described, 705 
Blake, S. F., 204, 216, 681 
Blake, S. F. and Atwood, A. C., 223, 273, 
278, 288, 291 
Blaser, H. W., 386, 393 
Blechnuniy 350 
Bleeding heart, 518 
(Blephariglottis)y 436 
Bletia, 436 
Bletillay 437 
Bloodflower, 675 

Bloodwort family, described, 416 

Blue laceflower, 646 

Blue milkweed, 675 

Blue pincushion flower, 724 

Blue poppy, 517 

Blueberry, 654 

BlumenhachiOj 619 

Boccomoy 515, 516 

Bock, J., 15, 16 

Bodmer, F., 192 

BoehmeriOy 465 

Bogbean, 671 

Bog-moss family, described, 402 

Bois, D., 321 

BoisditvaUoy 638 

Boissier, E., 42, 300 

{Bolboxalis) y 550 

Boldeay 511, 512 

Boldo wood, 512 

Boldoeae, 481 

Bolus, H. M. L., 483 

Bomareay 415, 419 

Bombacaceae, described, 595 


BombacopsiSy 595 
BombaXy 595 
BonplandiOy 678 
Bonstedt, C., 321 
BontiOy 710 

Boothroyd, L. E., 539, 540 
Boquila, 500 
Borage, 685 

Boraginaceae, described, 684-686 
Boragineae, 676 
BoragOy 684, 685 

Boreal floras, literature of, 266, 267 
Borraginaceae, 684 

Borrowing herbarium specimens, 270, 271 

BoschniakiOy 702, 703 

BosenbergiOy 428 

Boston ivy, 589 

BoswelUoy 560 

Botanical glossaries, list of, 317-318 
Botanical illustrations, 272, 273 
Botanical libraries, catalogues of, 306, 307; 

list of, 330 
Botrychiutriy 343 
Bottle brush, 634 
Bottle tree, 596 
BoucheUy 687 
BougainvilleOy 480, 481 
BouguenOy 711 
BoussingaultiOy 486 
BouvardiQy 713 
BoweniQy 356, 357 
Bowenioideae, 357 
Bower, F. O., 342, 352 
Bower plant, Austialian, 700 
Boxwood, West Indian, 699 
Boxwood family, described, 569 
Brachychitorty 596 
Branch systems, types of, 65 
Brandegea, 719 
Brasil, floras of, 298 
BrassiUy 436 
Brassica, 521, 522 
Brassicaceae, 520 
Braun, A., 34, 718 
Breadfruit, 464 
Breitschneideraceae, 514, 582 
Breitschneiderineae, 5 1 4 
Bretschneider, E., 326 
BretschneiderOy 582 
Bretzler, E., 540 
BrewenOy 677 
BrickeHoy 732 
Brintoniay 728 
Briquet, J., 220, 326 
Brisbane box, 634 
British Honduras, flora of, 297 
Britten, J. and Boulanger, G. S., 326 
Britton, N. L., 170, 197, 291, 295, 377, 386, 
484; contributions to nomenclature, 197, 
198; influence on nomenclature, 218, 219 
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Britton, N. L. and Millspaugh, C. F., 297 
Britton, N. L. and Rose, J. N., 623 
Broccoli, 521 

Bromeliaceae, described, 405-407 
Brongniart, A., 34; contributions of, 31 
Brooks, J. S., 401 
Broom, 548 

Broomrape family, described, 702 

BroussiasiOj 647 

Broussonetia, 462 

Broun, M., 335 

Brouwer, J., 540 

BrowalUa, 693, 694 

Brown, N. E., 483 

Brown, R., 30, 31, 42, 435, 719 

Bruckner, G., 409 

Bruguiera, 630 

Brunelliaceae, 530 

{Brunend), 401 

Brunfels, O., 15, 48 

Briinfelsia, 694 

Bruniaceae, 530 

Bnomichia, 475 

Brunoma, 723, 724 

Brunoniaceae, described, 724 

Brunsvigia, 420 

Brussels Congress, 199 

Brussels sprouts, 521 

Bryonia, 718 

{Bryophyllum) ^ 531 

Bryophyta, 334 

Buchanania, 574 

Buchenau, F., 412 

Buchnera, 695 

Bucholz, J. T., 366 

Bucida, 633 

Buckbean, 671 

Buckeye, American, 582; Mexican, 584 
Buckleya, 470 
Buckthorn, sea, 627 
Buckthorn family, described, 587 
Buckwheat, 476 

Buckwheat family, described, 475 
Buckwheat tiee, 575 
Biiddleja, 669, 670 
Buettneriaceae, 596 
Buffalo berry, 627 
Bugloss, 690; viper’s, 685 
Bumelia, 663 
Bupleifrum, 646 
Bur cucumber, 720 
Burmann, J., 19 
Burmanma, 432 

Burmanniaceae, described, 431-432 
Burmanniales, 431 
Burnat, E., 327 
Burnatia, 382 

Bur-reed family, described, 374 
Burret, M., 396 
Bursera, 560 


Burseraceae, described, 559-560 
Burn, Davy, J., 301 
Bush Honeysuckle. 715 
Bush poppy, 517 

Butcher, R. W. and Strudwick, F. E., 299 
Butomaceae, described, 383-384 
Butomales, sensu Hutchinson, 385, '’/86 
Butomiis, 384 

Buttercup family, described, 496 
Butterfly bush, 670 
Butterfly weed, 675 
Butterwort, 706 
Buttneriaceae, 596 
Button-ball tree, 540 
Buxaceae, described, 569-570 
Buxbaum, F., 484, 623 
Buxineae, 569 
Buxus, 569, 570 
Byblidaceae, 530 
By ray 665 
Byrsoninay 562 
Byroniay 576 

Cabbage, 521 
Cabombay 489, 49C 
Cabombaceae, 490 
Cabomboideae, 489, 49C 
Cacaliay 730 
Cacao, 596 

Cactaceae, described, 621-624 
Cactales, 621 
Cactus, coachwhip, 680 
Caesalpinia, 547 
Caesalpiniaceae, 545 
Caesalpinioideae, 545, 547 
Cain, S. A., 142, 158-160, 161, 162; prin- 
ciples of phytogeography, 159, 160 
Caiophera, 619 
Cakiky 522 
Calabash gourd, 720 
Calabash tree, 700 
Caladinmy 400 
Calamitaceae, 335 
Calamitales, 337 
Calamites, era of, 145-146 
Calandrmiay 485 
Calatheay 430 
Calceolaria, 695, 696, 697 
(Calceolus), 436 
Caldesia, 382 
Calectasieae, 413, 415 
Calendula, 111, 730 
Calenduleae, 730 
California, floras of, 293 
California poppy, 517 
Calla, 398, 400 
Calla-lily of florists, 400 
Calliandra, 547 
Callicarpa, 687, 688 
Callicoma, 536 
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Callirhoe, 594 

Callisia, 408, 409 

Callistemon, 634 

Callistephusy 731 

Callit riche, 568, 642 

Callitrichaceae, described, 567-568 

Callitrichineae, 549 

CallitriSy 366, 367 

Callitropsis, 366, 367 

Calloideae, 398 

Calluna, 654 

Calocarpum, 5P3. 773 

Calocasia, 400 

Calocasioideae, 398 

Calochor/us, 413 

Calodendrum, 557 

Calonyction, 611 

Calophylloideae. 603 

Calophylum, 603 

Calopogon, 436 

Calostemma, 418 

Calothamnus, 633 

Caltha, 496, 498 

Caltrop family, described, 555 

Calycadenia, 728 

Calycanthaceae, described, 507-508 

Calycanthus, 508 

Calyceraceae, described, 725-726 

Calydorea, 424 

Calypso, 436 

Calyptranthes, 634 

Calyp indium, 484, 485 

Calyx, morphology of, 65-67 

Camassia, 414 

Cambridge Congress, 199, 200 
Camellia, 602 

Camp, W. H., 49, 243, 299, 327 
Camp, W. H. and Gilly, C. L., 50, 51, 53, 
176 

Campanula, 721, 722 

Campanulaceae, described, 721-723 

Campanulales, 717 

Campanulatae, described, 720 

Campanuloideae, 722 

Campbell, D. H., 143, 153, 158, 378 

Camphor, 513 

Campy locentrum, 436 

Campy nema, 419 

Campynemanthe, 419 

Campy nematoideae, 419 

Campsis, 699, 700 

Camptosorus, 350 

Camptotheca, 631 

Canada balsam, 364 

Canada, floras of, 293 

Cananga, 509 

Canarina, 721, 722 

Canarium, 560 

Canary-bird flower, 553 

Canhya, 516 


Candlewood family, described, 680 
Candolle, see De Candolle 
Candollea, 598 
iCandollea), 725 
Candolleaceae, 724 
Candytuft, 521 
Canella, 611 

Canellaceae, described, 611-612 

Canistel, 663 

Canna, 429 

Cannabinaceae, 463 

Cannabis, 462 

Cannaboideae, 463 

Cannaceae, described, 428-429 

Canotia, 577 

Cantua, 61 S, 679 

Cape chestnut, 557 

Cape ponderweed, 379 

Cape primrose, 705 

Caper family, described, 518 

Capers, 520 

Capitalization of specific and trivial 
epithets, 202, 216, 219 
Capparidaceae, alliance with Resedaceae, 
525; described, 518-520 
Capparidineae, 514 
Capparis, 519, 520 
Capraria, 695 

Caprifoliaceae, described, 713-715 

Cap sella, 521 

Capsicum, 694 

Carambola, 551 

Caraway, 646 

Carbon disulfide, as an insecticide, 250- 
251 

Cardamine, 521 
Cardamon, 428 
Cardaria, 521 
Cardinal’s guard, 709 
Cardiospermum, 583 
Carduaceae, 730 
Carduales, 730 
Carduus, 728, 730 
Carex, 392, 393 
Carica, 618 

Caricaceae, 393; described, 617-618 

Cariceae, 393 

Caricoideae, 393 

Carissa, 673 

Carlowrightia, 708 

Carludovica, 397, 398 

Carnation, 488 

Caroa, 407 

Carolina Jessamine, 670 
Carpel, defined, 72; morphology of, 72-75 
Carpel polymorphism, theory of, 65 
Carpels, determination of number in ovary, 
79; open in angiospcrms, 370 
Carpinus, 457, 458 
Carrie rea, 614 
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Carrion flower, 675 
Carrol. 646 

Carrot family, described, 644 

(Cartena)y 436 

Carthamus, 730 

Cartography, literature of, 323 

C artonemay 409 

Cartonemaceae, 409 

Cariun. 646 

Caryoy 453, 454, 455 

Caryocaraceae, 597 

C aryophylla ceae. described, 486-489 

t ary opt ‘ ^ 

Cascara sagrada, 588 

Cashew 574 

Cashew family, described, 573 

Cassabanana, 720 

( assava 566 

Cassia, 547, 548 

Cassini, H., 729 

Cassiope, 655 

Cassvfho 512, 513 

iCastalia), 490 

Castanea, 459, 460 

CastanopsiSy 460 

Castela, 559 

{Castelaria^y 559 

Cast tile ja, 695, 696 

Castor oil, 566 i 

Casuarina, 443 I 

Casuarinaceae, (described, 442, 443 
Casuarinales, 442 

Catalogue of Linnaean herbarium, 328, 329 
Catalogues of botanical libraries, 306, 
307 

Catalpa, 698, 699 
Catchfly, 488 

Categories of classification, 44-56 
Cathay 577 

{Cathartolinum) y 553 
Catopsis, 406 

Cattail family, described, 373 
Cattleya, 434, 437 
Cauliflower, 521 
Caulophyllumy 370, 501, 502 
Cayapoma, 719 

Caytoniales, phyletic importance of, 105 
CeanothuSy 588 
Cecropia, 464 

Cedar, oil of, 367; West Indian, 561 
Cedrela, 560, 561 
Cedrusy 364 
Ceihay 595 

Celakovsky, L. F., 60 
Celandine poppy, 517 
Celastraceae, described, 576-577 
Celastrales, 578 
Celastrineae, 569, 576 
Celastrusy 577 
Celery, 646 
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Cellophane, for mounting specimens, 245 

Celosia, 478, 479 

Celtidoideae, 461 

CeltiSy 461, 462 

Cenospecies, concept of, 178 

Centaureay 111, US, 730 

Centaurium, 670 

Centaury, 671 

Centers of area, 164-165 

Central America, floras of, 296, 297 

Central lowlands of North America, 156 

Centranthusy 716 

Centrifugal androecia, 69 70 

Centrifugal inflorescences, 61 

Centripetal androecia, 69-70 

Centripetal inflorescences, 61 

Centrogeniuniy 436 

Centrolepidaceae, 386, 402, 403 

Centromadia, 728 

Centropogon, 722 

Centrospermae, described, 477 

CentunculuSy 659 

CephaeliSy 713 

Cephalanthera, 435 

CephalanthuSy 713 

Cephalaria, 717 

Cephalotaceae, 530 

Cephalotaxaceae, described, 362 

CephalotaxuSy 362 

Cerastiurriy 487 

CeratiolOy 571 

Ceratopetalurriy 536 

Ceratophyllaceae, described, 491-492 

Ceratophyllurriy 491, 492 

Ceratopteridaceae, 351 

CeratopteriSy 351, 352 

Ceratostigma, 661-662 

Ceratothecoy 701 

Ceratozamiay 357 

Cercidiphyllaceae, described, 495-496 

Cercidiphyllum, 493, 495, 496 

Cercidiurriy 547 

CerciSy 547, 548 

Cercocarpae, 543 

CercocarpuSy 545 

Cereoideae, 623 

CerinthCy 685 

CeriopSy 630 

Ceropegia, 675 

Cesalpino, A., 16, 17 

Cestreae, 694 

Cestrwn, 694 

Ceylon gooseberry, 614 

Ceylon milk plant, 675 

Cevalliay 619 

ChaenomeleSy 542, 544 

Chalk, L., 98 

Chamaebatia, 544 

Chamaebatiaria, 544 

ChamaecristOy 549 
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Chamaecyparis, 366, 367 
(Chafiiaepenclyinenum) t 647 
ChamaesarachOy 694 
Chamberlain, C. J., 368 
Chamberlain, W., 323 
Chapman, M., 501. 502 
Chaudefaud, M.. 104, 340 
Chaulmugra oil, 614 
Chayote, 720 

Cheadle, V. I., 98, 107, 376, 383, 412 
Cheeseman, T. F., 303 
Cheeseman, T. F. and Hemsley, W. B., 
303 

CheilantheSj 349 
Cheihcliniim, 578 
Cheiranthera, 535 
Cheiranthus, 521 
Chehdoniunit 516 
Chelone, 698 

ChenoDOdiaceae. described. 477-478 
Chenopodloldeac, 478 
Chenopodium, 478 
Cherimoya, 509 
Cherler, J. A., 16 

Cherry, 544; Barbadoes, 562; Cornelian, 
648; Surinam, 634 
Chervil, 646 
Chester, K. S., 100 
Chestnut, 460; cape, 557 
Chevalier, A., 451 
Chickweed, 488 
Chicle, 663 
Chicory, 730 
Chile, floras of, 298 
Chilean jasmine, 673 
Chilopsis, 699, 700 
Chimaphila, 651 
Chimonanthus, 508 
China aster, 731 
China fir, 366 
Chinaberry tree, 561 
Chinese parasol tree, 596 
Chinese rice-paper, 643 
Chinese watermelon, 720 
Ching, R. C., 351, 352 
{Chiogenes), 654, 655 
C hionanthuSy 667, 668 
Chlaenaceae, 590 
Chlaencae, 590 
Chloanthes, 687 

Chloranthaceae, described, 445, 446 

ChloranthiiSy 446 

Chlondeae, 390 

( hlorophoroy 464 

Choananthus, 418 

Chocolate, 596 

ChorisiOt 595 

C horizanthe, 475 

Chosenia, 447 

Chouard, P. and Laumonnier, E., 321 


Christensen, C., 287, 327, 342, 344, 347, 
348, 349, 350, 351, 352, 354 
Christisonia, 703 
Christmas vine, 677 
Christopherson, E., 303 
Chromosome counts, limitations of, 187, 
188 

Chrysalidocarpus, 395 
Chrysanthemoideas, 728 
Chrysanthemum, 728, 729 
Chrysobalanaceae, 543 
Chrysobalanoideae, 543 
C hrysobalamis, 541 
Chrysogonum, 728 
Chrysoma, 728 
Chrysophyllum, 663 
Chrysopsis, 730 
C hrysosplenium, 534 
(Chylismia), 638 
Chytra, 696 
Chufa, 394 
Cibotium, 349 
Cichoriaceae, 730 
Cichormm, 728, 729, 730 
Cicuta, 646 
Cienfiiegosia, 593 
Cimicifuga, 498 
Cinchona, 713 
Cineraria, 731 
Cinna, 399 

Cinnamodendron, 611 
Cmnamomum, 513 
Cinnamon, 513; wild, 611 
Cinnamon fern, 345 
Cinnamon vine, 422 
Cinnaosma, 611 
Cinquefoil, 544 
Circaea, 637, 638, 639 
Circassian walnut, 455 
Cirsium, 730 
Cissampelos, 503 
Cissus, 589 

Cistaceae, described, 608-609 
Cistineae, 597, 609 
Cistus, 609 
Citharexylum, 687 
Citron, 557, 720 
Citrullus, 718, 720 
Citrus, 557 
Clarkia, 638, 640 
Class, a unit of classification, 45 
Classification, artificial, 18; biosystematic, 
169-170; categories of, 43, 44; defined, 
4; history of, 13-41; natural, 93; natural 
vs. artificial, 13-14; principles of, 4 
Classification system of, Bentham and 
Hooker, 31; Bessey, 35, diagram of, 126; 
Bock, 15; Eichler, 33; Engler, 34; de 
Candolle, 28; Hallier, 36, diagram of, 
132; Hutchinson, 36, diagram of, 137; 
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Jussieu, 28; Mez, 38; Rendle, 37; Theo- 
phrastus, 14; Tippo, 38, diagram of, 138; 
Wettstein, 35 

Classification systems based on, form rela- 
tionships, 26; habit, 14; phylogenetic con- 
cepts, 33 

Classification systems, current, 114-139 
Clausen, J., 165 

Clausen, J., Keck, D. D. and Hiesey, W., 
52, 159, 175, 176, 178, 179 
Clausen, R. T., 55, 343 
Clavija, 657 
Claytonia, 484, 485 
Cleistes, 436 
Cleland, R. E., 181 
Clematis, 496, 498 
Clematoclethra, 599, 600 
Cleome, 519, 520 
Cleomella, 519 
Clermont ia, 721 
Clerodendrum, 687, 688 
Clethra, 600, 650 
Clethraceae, described, 650-651 
C ley era, 602 
Clidemia, 636 
Clifford, Gm 19, 20 
Cliftonia, 575 

Climbing fern family, described, 345 

Clinogyne, 430 

Clintonia, 414 

Clivia, 418 

Clock vine, 709 

Clone, a taxonomic unit, 56, 217 

Clove, 634 

Clover, sweet, 548 

Club moss family, described, 337 

Clusia, 603 

Clusiaceae, 603 

Clusioideae, 603 

Clusius, see L’Ecluse, C. 

Cneoraceae, 549 
Coachwhip cactus, 680 
Cobaea, 678, 679 
Coca, 555 

Coca family, described, 554 
Cocaine, 555 
Coccinea, 720 
Coccoloba, 475, 476 
Cocculus, 503 

Cocblospermaceae, described, 610-611 

Cochlospermineae, 597 

Cochlospermum, 610, 611 

Cocos, 395, 396 

Cocothrinax, 396 

Cocus wood, 665 

Codiaeum, 566 

Codon, 682 

Codonopsis, 722 

iCoeloglossum), 436 

Coelogyne, 437 


Coffea, 712, 713 

Coffee, 713 

Coix, 389 

Cola, 596 

Colchicum, 413 

Coleogyne, 544 

Coleus, 690, 691 

Coiignoneae, 481 

Collecting equipment, 234, 235 

Collecting procedures, 234-235 

Collins, J. F., 236 

Collomia, 678 

Colmeiro, M., 327 

Colobanthus, 487 

Color charts, sources of, 329- 330 

Color retention of plant materials, 255-256 

Colubrina, 588 

Columelliaceae, 676 

Columniferae, 590 

Comarella, 544 

Comarum, 544 

Combretaceae, described, 632-633 

Combretum, 632 

Comesperma, 564 

Comfrey, 685 

Commandra, 470 

Commelina, 408, 409 

Commelinaceae, descri* cd, 408-410 

Commelinales, 409 

Commelineae, 409 

Commiphora, 560 

Comparium, concept of, 178 

Compilatory lists, preparation of, 276-277 

Compositae, described, 726, 732 

Comptonia, 450, 451 

Conanthereae, 419 

Concocarpus, 633 

Condalia, 588 

Coniferae, described, 359-360 
Conifers, phylogeay of, 102-103 
Conium, 646 
Connaraceae, 530 
Conocephaloideae, 463 
Conopholis, 703 
Conostegia, 636 
Conostylideae, 417, 419 
Conservatism of characters, defined, 99 
Continental bridges, theory of, 144 
Continental drift, theory of, 143, 144 
Continental islands, 149 
Continental land masses, 147 
Continental platforms, islands of, 149; map 
of, 148 

Continental shelf, 144 
Contortae, described, 666-667 
Convallariuceae, 416 
Convolvulaceae, described, 676-678 
Convolvulales, 677 
Convolvulineae, 676 
Convolvulus, 677 
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Conzatti, C., 296 

Cooper, D. C. and Brink, R. A., 180 
Cooperia, 418, 420 
Copal, 5^ 

Copeland, E. B., 344, 347, 348, 349, 351, 
353, 354 

Copeland, H. F., 24, 101, 652, 654, 681 

Coprosma, 713 

{Coptidium), 498 

CoptiSy 496, 498 

Coral plant, 697 

Coral-bells, 534 

Coralberry, 715 

C orallorrhizoy 436 

Corchoropsis, 592 

CorchoruSy 591 

Cordaites, importance of, 102 

Cordioy 684, 685 

Cordiaceae, 685 

Cordilleran plateau, a physiographic prov- 
ince, 157 

Cordilleran ranges, a physiographic prov- 
ince, 157 
Cordioideae, 685 
Core, E. L., 219 
Coremay 570, 571 
CoreopiiSy 728, 730 
CoriariQy 572 

Coriariaceae, described, 571 -572 

Coriariineae, 569 

CoriSy 659 

Cork bark, 460 

Cork tree, 557 

Cork-wood family, described, 451, 452 

Corn, 391 

Corn salad, 716 

Cornaceae, described, 647-648 

Cornelian cherry, 648 

Corner, E. J. H., 70, 219, 498. 541 

CornuSy 647, 648 

CornutiGy 688 

CorokiGy 647 

Corolla, morphology of, 66, 67 
Corolliferae, 411 
CorreUy 556 

Corrosive sublimate, as an insecticide, 251 
252 

Corsiaceae, 432 
CoriusOy 660 
CorydaliSy 517, 518 
Corylaceae, 457 
Coiyleae, 457 
Corylopsisy 537, 538 
Corylus, 457, 458, 459 
Corynocarpaceae, 569 
Coryphananae, 621 
Cosmosy 728, 730 
Cosson, E., 327 
Costa Rica, flora of, 297 
CostaeOy 575 


Coste, H., 299 

Costoideae, 428 

Costusy 428 

CotinuSy 574 

Cotoneastery 544 

Cotton, 594 

CotulQy 728 

Cotyledotiy 530 

Cotyledonoideae, 532 

Cotyloideae, families of, 129, 130 

Cotype, deflned, 205 

Coulter, J. M., 293 

Couma, 672 

Coutinho, A. X. P., 299 

Cow parsnip, 646 

CowaniQy 544 

Cowpeas, 548 

Cox, H. T., 654 

Cranberry, 654 

Crane’s-bill, 552 

CramchiSy 436 

C/assulGy 531 

Crassulaceae, described, 530, 532; allied to 
Podostemaceae, 467 
Crassuloideae, 532 
CrataeaiiSy 543, 544 
CratevQy 519 
Creeping Jennie, 338 
Ciemospermoy 705 
Crepe-jasmine, 673 
Crepe myrtle, 628 
Crescentiay 699, 700 
Crescentieae, 699 
Cress, rock, 521; water, 521 
Cre&sUy 677 
C riniwiy 419, 420 
CnnodendroHy 591 
(Cnosanthes)y 436 
CnstatellUy 519 
C rocanthemuiriy 609 
Crocinae, 424 
Crocoideae, 424 

CrocuSy 423, 424; autumn, 416; spring, 424 

Croizat, L., 23, 43, 59 

CrookiQy 605 

CrossosomQy 540, 541 

Crossomataceae, described, 540-541 

CrotalariQy 547 

CrotoHy 566 

Croton, 566 

Crotonoideae, 566 

Crowberry family, described, 570 

Crowfoot, 338 

Crown of thorns, 566 

Cruciferae, described, 520-524 

Crusea, 713 

Cryophytumy 483 

Cryptangieae, 393 

Cryptanthuy 685 

Crypteroniaceae, 624 
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CryptocaryOy 513 
CryptogammOy 352 

Cryptogams (vascular), phylogeny of, 
101-102 

Cryptomeriay 365, 366 
CryptostegiOy 675 
Cryptostephanusy 418 
CrysothamnuSy lyi 
Cuban hemp, 420 
Cubeliimiy 612 

Cucumber, 720; bur, 720; squirting, 720 
CucumiSy 720 
CucurbitOy 718 

Cucurbitaceae, described, 718-720 
Cucurbitales, 597, 717 
Cucurbiteae, 719 
Cudranitty 462, 464 

Cultivated plants, literature of, 316, 317, 
319, 321, 322 
Cunninghamiay 365, 366 
Cunoniaceae, described, 536 
Cupaniay 583 
CupheOy 627, 628 
Cupressaceae, described, 366-368 
Cupressineae, 364 
Cupressoideae, 367 
CupressuSy 366, 367 
Curare, 670 
Curatella, 598 
Curcumay 428 

Curly grass family, described, 345 
Currant, 534 
Cuscuta, 676, 677, 678 
Cuscutaceae, 677 
Custard-apple, 509 
Custard-apple family, described, 508 
Cuthbertia)y 408 
'itler, II. C., 270 

*• 'anaeOy 111 
ananthus, 721 
Cyanastraceae, 402 
Cyanide gas as an insecticide, 249 
C anotiSy 408, 409 
CyitheOy 348 

CyUheaceae, described, 348 
CyJhodeSy 656 

Cyctdaceae, described, 356-357 
Cycjdales, 355, 356 
Cycidioideae, 357 
Cyca\ 356, 357 

Cyclaiefiiay 61 Z 
Cyclatieriy 659, 660 
Cyclaiithaceae, described, 397-398 
Cyclauthales, 397 
Cyclcntheray 718, 719 
Cyclanthereae, 719 
Cyclobeae, 478 
Cyclopogon) y 436 
''ydonia, 544 
'^ymbalanoy 697 


Cymbidiunty 437 
Cymodoceoy 376, 377 
Cymodoceae, 377 
Cymodoceaceae, 377 
Cynanchumy 675 
CynarOy 730 
Cynareae, 730 
CynoctOHuniy 669 
CynodoHy 391 
Cynoglossuniy 685 
Cynomoriaceae, 624 
Cynomoriineae, 624 
Cyperaceae, described, 392-394 
Cyperales, 386 
CyperuSy 392, 393 
Cyphioideae, 722 
CyphomandrOy 694 
Cypress family, described, 366 
Cypress spurge, 478 
Cypress vine, 677 
Cypripedilineae, 435 
Cypripediloideae, 435 
Cypripediuniy 435, 436, 437 
CypseleOy 483 
CynllOy 575 

Cyrillaceae, described, 575 
CyrtandrOy 704 
CyrtanthuSy 420 
Cyrtomiuniy 351 
Cyrtopodimtiy 436 
iCyrtorhyncha) y 498 
(Cythera)y 436 
Cytinaceae, 474 
CytisuSy 548 

Cytogenetics, analysis of data, 180; limita- 
tions of, 186-188 

Cytogenetics and biosystematics, 169-188 
Cytology, role in phylogeny, 99 
Cytotaxonomy, 169 

Dacrydiuniy 361 
DactylicapnoSy 518 
DactyliSy 390 
Dade, H. A., 329 
DaiSy 626 
Daleay 548, 549 

Dalla Torre and Harms, Genera siphono- 
gamarunty described, 287 
Damasoniumy 382 
DanaeOy 344 
Dandy, J. E., 386, 504 
Daphnaceae, 625 
Daphney 626 
Daphniphyllaceae, 549 
DarlingtonUiy 527 
Darrah, W. C., 104, 106 
Darwin, C., 8, 27, 33, 172 
Darwin, E., 26 

Darwinism, 172, 173; defined, 176 
Dasiphoray 544 
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Dasypogoneae, 413, 415 
Data for herbarium specimen labels, 246, 
247, 248 

Dates for publication, sources of, 327- 328 

DatiscOy 620 

Datiscaceae, described, 619-620 
Datiscineae, 597 

Datta, R. M. and Mitra, J. N., 526 

Daluraj 694 

Datureae, 694 

DaucuSj 645, 646 

Davallia, 350, 351 

Davidia, 630, 631 

Davillaj 598 

Dawson, M. L., 679 

Day lily, 416 

Dayton, W. A., 366 

DDT, as an herbarium insecticide, 252 
Deam, C. C., 277. 294 
DeBeer, C. R., 98 
Decaisnea, 500 

DeCandolle, A., 196, 289, 328; contribution 
to nomenclature, 195, 196 
DeCandolle, A. P., 39, 42, 73, 116, 195, 
289; Prodromus, 29, 30, 289; system of 
classification, 29 

DeCandolle, A. and C., Monographiae 
phanerogamarum, described, 289 
Decapitalization of specific epithets, 202, 
216 

Dearum, 628 

Deep-freezing of flowers, 256 
Deetz C H. and Adams, O. S., 323 
Degener, O., 303 

Degeneriaceae, 439, 489, 498, 504 
Dc Jussieu, see Jussieu 
DeloniXf 548 
Delphineae, 496 
Delphinium^ 497, 498 
Demeter, K., 673 
Dendrobium, 437 
Dendromecon, 517 
{Dendropogon)j 407 
Dendrosicyos, 718 
Dennstaedtia, 350, 351 
Dermen, H., 501, 631, 648 
Descole, H., 297 
Descourania, 522 

Descriptions of taxa, preparation of, 272 

Descriptive taxonomy, defined, 170 

Deserts, as barrier factors, 150 

Desfontainaceae, 667 

Desfontaines, R., 29 

Desmodium, 548 

DeutziOy 534 

DeVries. H., 8, 173 

Diamorpha, 531 

Diandrae, taxonomy of, 435, 436 
{Dianthera), 708 
Dianthus, 487, 488 


(Diapedium), 708 
Dmpensia, 649 

Diapensiaceae, described, 648-649 
Diapensiales, 648 
(Diaphoranthema) , 407 
Diascia, 695 
Diastatea, 111 
Dicentra, 518 
Dichapetalaceae, 549 
Dichapetalineae, 549 

Dichasium, in inflorescence phylogeny, 60, 
61 

DichondrOy 677 
Dichondraceae, 677 
Dichorisandra, 408 
Dickason, F. G., 351 
Dickson, J., 86, 488, 516, 660 
Dickson, W. A., 303 
Dicksoniaceae, described, 348-349 
Diclidantheraceae, 662 
DtclipterOy 708 
Dicoryphey 537 

Dicotyledoneae, described, 438 
Dictamnus, 557 
Dictionaries, list of, 318, 319 
Didiereaceae, 569 
Didiereineae, 569 
Didiscusy 646 
Dieffenhachiay 400 
Diels, L., 424, 530 
DlervillOy 713, 715 

Differentiation, Guppy’s theory of, 161 

DigitaliSy 695, 697 

Dilatrisy 417 

Dill, 646 

Dillema, 598 

Dilleniaceae, 498; described, 598-599 
Dillenius, J. J., 25 
DimorphothecOy 730 
DiodiQy 713 

Dioecism, characteristics of, 83 
Diony 357 
Dionaea, 528, 529 
Dionaeaceae, 529 
Dionioideae, 357 
Dioscoreoy 421 

Dioscoreaceae, described, 421-422 

Dioscoreae, 421 

Diospyrineae, 662 

Diospyrosy 664, 665 

DipeltOy 713 

DipholiSy 663 

Dipsacaceae, described, 717 
DipsacuSy 111 
Dipterocarpaceae, 597 
Dipteroniay 581 
DirachmUy 551 
DircOy 626 

Discontinuous distributions, 163, 164 
DiselmOy 366, 367 
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Dishcloth gourd, 720 

Dissections, permanent preparations of, 257 
Distichlis, 389 
Dittany, 557 

Division, unit of classication, 44, 45 
DobineOy 573 
Dobzhansky, T., 180 
Dodecatheon, 659 
Dodonaea, 583 

Dogbane family, described, 672 
Dogwood family, described, 647 
DoliocarpuSj 598 
Dombeya, 596 
Donatia, 725 
Doronicum, 731 
Dorstenia, 462, 463, 464 
Douglas, G. E., 81, 660 
DovyaliSy 614 
Downmgia, 721, 722 
Draba, 521, 522 
Dracaeneae, 419 
Dracenioideae, 413, 415 
Dracocephalum, 691 
Dragonhead, 691; false, 691 
Drimys, 505 
Drosera, 529 

Droseraceae, described, 528, 530 
Drosophyllum, 529 
Drude, O., 654 
DryaSy 544 

Drying plants, 235 237, 241-243 
DrymocalliSy 544 
DryopteriSy 349, 351 
DiichesniOy 544 

Duckweed family, described, 400 
Dudley Qy 531 
Durango root, 620 
DurantUy 686, 687, 688 
DuRietz, G. E., 51, 55, 159 
DiiriOy 595 

Dutchman’s-pipe, 473 
DuToit, A. L., 142, 143 
Dychoriste, 708 

Eames, A. J., 38, 65, 73, 80, 98, 101, 106, 
107, 139, 334, 337, 340, 341, 344, 346, 
347, 348, 349, 350, 354, 355, 516; classi- 
fication of, 38 

Eames, A. J. and Wilson, C. L., 520 
Earth, amount below sea-level, 144; conti- 
nental islands, 147-148; continents of, 
147-148; evolution of, 142-144; island 
land masses of, 147-148; major moun- 
tain ranges, 148; vegetation areas of, 150, 
153 

Eastwood, A., 318 
Eaton, A., 26 

Ebenaceae, described, 664-665 

Ebenales, described, 662 

Ebony, American, 665; Macassar, 665 


Ebony family, described, 664 
Ecballiumy 718, 719, 720 
Eccremocarpeae, 699 
EccremocarpuSy 698, 700 
Echeveriay 531 
Echeverioideae, 532 
Echinochloay 387 
EchinocystiSy 719 
EchinodoruSy 382 
(Echinopanax) y 643 
Echmopepony 719 
Echinophoroy 644 
EchinopSy 726, 727 
Echitesy 673 
Echiunty 684, 685 

Economic botany, literature of, 319-322 
Economic plants, literature of, 316, 317, 
319 322 

Ecospecies, 177, 178 
Ecospecies and species, lb2 
Ecotype, 176, 177 
Edelwiess, 731 
EdgeworthiOy 626 
Edrianthusy 721, 722 
Eel grass, 377 

Effective publication, conditions of, 208 

Eggers, O., 521 

Eggfruit, 663 

Eggplant, 694 

Egypt, floras of, 302 

Ehretiaceae, 685 

Ehretioideae, 685 

Eichhorma, 411 

Eichhornieae, 411 

Eichler, A. W., 33, 34, 95, 118, 427, 446, 
487, 590; system of classification, 33, 34 
Elaeagnaceae described, 626-627 
ElaeagnuSy 626, 627 
Elaeocarpaceae, described, 590-591 
Elaeocarpineae, 590 
ElaeocarpuSy 591 
ElaeodendroHy 577 
{Elaphriiim)y 560 
Elatinaceae, described, 605-606 
Elatiney 606 
ElattosiSy 384 
Elderberry, 715 
Eleochans, 392, 393 
ElephantopiiSy 730 
Elephant’s Ear, 400 
Elettariay 428 
EleusmCy 389 
Elisma, 382 
EllislOy 683 

Elm family, described, 461 
{Elodea)y 385 
Elodeaceae, 386 
Elshohziay 690 
{Elsota)y 564 
ElytrarlOy 708 
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tmbelia, 657 

Embryological formulae, use of, 88 
Embryology, importance to taxonomy, 87 
Embryophyta Asiphonogama, 334 
Embryophyta Siphonogama, 334; described, 
354, 355 
LmeXt 475 

Empetraceae, described, 570- 571 
Empetrineae, 569 
Empetrum, 570, 571 
Enantioblastae, 403 
Encephalartos, 357 
(Encyclia), 436 

Encyclopedias, of cultivated plants, 319, 
320, 321, 322 
Endemism, 164 
Endlicher S., 31 

Endosperm, as sterility barrier, 180 
Eni*elhardtta, 453, 454, 455 
Enfielmannia, 728 

Engler, A., 34 35, 39, 44, 94, 114, 534; 
see alsr note, p. 777 

Engler, A. and Diels, L., 35, 290, 333; 

Syllabus, described, 290 
Engler, A., and Prantl, K., 36, 290 
English ivy, 643 
Ensatae, 424 
Entelia, 592 

Entomophilous flowers, 72 
Environment, importance in biosystematics, 
179, 180 

Epacridaceae, described, 656 
Epacridineae, 649 
Epacns, 656 
Ephedra, 369 

Ephedraceae, described, 368, 369 
Ephedrine, 369 
Epibiotics, 164 
(Epicladium), 436 
Epidendrum, 435, 436, 437 
Epifagus, 702, 703 
Epigaea, 654 

Epigyny, significance of, 81 

Epilobiaceae, 637 

Epilobium, 368, 639 

Epimedium, 501 

Epipactis, 436, 437 

(Epipactis), 436 

Epirrhizanthes, 563 

Episcia, 705 

Epling, C., 99, 169, 272 

Equisetaceae, described, 336-337 

Equisetales, described, 336 

Equisetinae, 335 

Equisetum, 335, 336, 337 

Ercilla, 482 

Erdtman, G., 159 

Erechtites, 730 

Eremosyne, 533 

Eriastrum, 678 


Erica, 653, 654 
Ericaceae, described, 652-655 
Ericales, described, 649-650 
Ericineae, 649 
Erickson, R. O., 270 
Ericoideae, 654 
Erigeron, 728, 730 
Eriobotrya, 544 

Eriocaulaceae, described, 404, 405 

Eriocaulales, 405 

Eriocaulon, 405 

Enodictyon, 682 

Eriogonum, 475 

Eriophorum, 392 

Eriophyllum, 730 

Etodium, 551, 552 

Ervatamia, 673 

Erycibe, 677 

Eryngium, 645, 646 

Erysimum, 521 

E/ythrina, 548 

Erythrodes, 436 

Erythroniurn, 414 

Erythroxylaceae, described, 554-555 

Erythroxylum, 554 

Escalloma, 534 

Escalloniaceae, 534 

Eschscholzia, 515, 516, 517 

Ethylene dichloride, as an insecticide, 251 

Eucalyptus, 633, 634 

Euchmde, 618, 619 

Eucommia, 493, 538, 539 

Eucommiaceae, 461; described, 538-539 

Eucryphia, 600 

Eucryphiaceae, described, 600 

Eucrypta, 683 

Eufilicales, described, 344; see also Filicales 

Eugenia, 634 

Eulophia, 436 

Euonymus, 577 

Eupatorieae, 730 

Eupatorium, 726, 730 

Euphorbia, 565, 566 

Euphorbiaceae, described, 565, 567 

Euphoria, 584 

Eupomatiaceae, 489 

Euptelea, 493, 494, 495 

Eupteleaceae, 564; described, 494-495 

Europe, floras of, 298, 299, 300 

Eurya, 601, 602 

Euryale, 489, 490 

Eurycles, 418 

Euscaphis, 580 

Eusporangiatae, described, 343 
Eusporangiate fern, defined, 342 
Eustoma, 671 
Eustylis, 424 

Evening-primrose family, described, 637 
Evolution, definition and mechanics of, 
172; of earth and continents, 142 144 
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EvolvuluSy 677, 678 
Exacineae, 670 
txacuniy 670 
Exochorda, 544 
Exothea, 583 

Experimental taxonomy, 169 -188; limita- 
tions of, 186-188; methods in, 179-181; 
objectives of, 171-177; sterility barriers, 
180 

Fagaceae, described, 459-460 

Fagales described, 456-457 

Fagerlind F., 105 

Fagonia 556 

f agopytum, 475, 476 

Fagraea, 669 

Fagus, 459, 460 

Fallugia, 544 

False dragonhead, 691 

False sandalwood, 462 

False tamarisk, 608 

Families, nomenclature of, 206 

Families of vascular plants, 333-775 

Family, a unit of classification, 46, 47 

Farmosae, described, 402 

Fassett, N. C., 99, 270, 466 

Fawcett, W. and Rendle, A. B., 297 

Fedde, F., 516, 518 

Fedia, 716 

Feijoa, 634 

Fennel, 646 

Fern family, described, 349 
Ferns (true), described, 342 
Fernald, M. L., 55, 164, 216, 242, 243, 267, 
296, 377, 450, 457, 484, 544, 609 
Fern-allies, 335 
heronia, 556 
FestucOy 389 
Festuceae, 390 
FevilleOy 718 
Fevilleae, 719 
Ficoideae, 482 
FicuSy 462, 463, 464 

Field studies, 268-270; for floristic investi- 
gations, 277; mass collections, 269-270; 
notes to be taken, 268, 269, 278, 279 
Field techniques, collecting equipment and 
procedures, 234-235; drying specimens, 
241-243; Hodges’ preservation method, 
241; preparation of specimens, 235-237; 
Schultes’ preservation method, 240; spe- 
cial methods for particular taxa, 256, 
257; use of hydroxyquinoline sulfate, 241, 
255; use of special aids, 239 
Fig, 464; Indian, 623 
Figwort family, described, 695 
Filbert, 459 

Filicales, in the Mesozoic, M5-147; de- 
scribed, 344 {as Hufilicales) ; phylogeny 
of, 101, 102 


Filicinae, described, 342 

Filmy fern family, described, 347, 348 

FimbristyliSy 392 

Firethorn, 544 

Firmianay 596 

Fisher, M. J., 447 

{Fissipes)y 436 

FittomOy 709 

FitzroyQy 366 

Flacourtiay 614 

Flacourtiaceae, described, 613-614 
Flacourtiineae, 597 
Flagellariaceae, 402 
Flannelbush, 596 
Flax family, described, 553 
Floerkeoy 573 

Floras, evolution of, 163, features to be in- 
cluded in, 288; types of, 275 
Floras of, Africa, 301, 302; Asia, 300, 301; 
Australia, 302; Europe. 298, 299, 300; 
Mexico and Central America, 296, 297; 
North America, 291-296; northeastern 
U. S., 295; Pacific islands, 303; South 
America, 297, 298; West Indies, 297; 
western U. S., 293-294; world, 288- 
290 

Florin, R., 60, 102, 358, 360 
Floristic areas of the earth, 147, 150-153 
Floristic studies, 275 -283; field work for, 
277, 278; herbarium labels for, 248; 
physiographic areas, 297; procedures, 
278; square degree as basis for area, 
277; use of literature, 281, 282 
Floristic zones, 150 153 
Florist’s geranium, 552 
Flower, defined, 65, 370; evolutionary 
theories of, 66; morphology of, 64-88 
Flower types, 81-85 
Flowering plants, families of, 370-775 
Flowering quillwort family, described, 
380 

Flowering quince, 544 
Flowering rush family, described, 383 
Flowering willow, 700 
Fluviales, 375 
Foeniculuniy 645, 646 
Fogg, J. M., 256 
Fokeniay 366, 367 
Fool’s parsley, 646 
ForestierOy 667 
Forget-me-not, 685 
Forma, a unit of classification, 56 
Formaldehyde, preserving freshly pressed 
material, 240 

Formulas, of preserving solutions, 254, 
255 

ForsellesiQy 577 
Forskal. P., 25 
Forsythia, 661 y 668, 669 
Fortunella, 557 
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Fosbcrg, F. R.. 55, 240, 241, 256, 

Foster, R. C., 580 
Fothergilla, 537, 538 
Foiiquieria, 680 
Fouquieriaceae, described. 680 
Four-o’clock, 481 

Four-o’clock family, described, 480 

FoHglove, 697 

Fragaria, 542, 544 

Fragrant olive, 668 

Frangipani, 673 

Frangulaceae, 587 

Frankenta, 607 

Frankeniaceae, described, 606-607 

Frankincense, 560 

Franklinia, 602 

Frasera, 670-671 

Fraxinus, 667, 668, 669 

Free-central placentation, 78 

Freesia, 423, 424 

Freezing floweis, 256 

(Fremontia), 596 

Fremontodendron, 596 

Frevcinetia, 374 

Fringe tree, 668 

Fritiharta 413 

Frizzelk O L., 204 

Frnelichw. 479 

Frog’s-bit family, described, 385 
Fruits, classification of, 85, 86, 87 
Fuchs, L., 15 

Fuchsia, 637, 638, 639, 640 
Fumaria, 518 

Fumariaceae, 517; described, 517, 518 

Fumarioideae, 516 

Fumigating heibaria, 250, 251 

Fumitory family, described, 517 

(Funastrum), 675 

Furcraea, 420 

Furtado, F. X., 396 

Fusion and modification of perianth parts, 
84 85 

Gager, C. S., 231 
Gagnepain, F., 368 
Gaillardia, 730 
Galantheae, 418 
Galanthiis, 420 
Galax, 648, 649 
Gale, 450, 451 
(Galeorchis), 436 
Galieae, 713 
Galinsoga, 728 
Galium, 712, 713 
{Galpinsia) , 638 

Gamble, J. S. and Fisher, C. E. C., 301 
Garcinia, 604 

Garcinia family, described, 603 
Garden heliotrope, 716 
Gardenia, 712, 713 


Garratt, G. A., 511 
Garrya, 449 

Garryaceae, alliance with Umbelliflorae, 
642; described, 448-449 
Garry ales, described, 448 
Garuga, 560 
Gates, B., 243 

Gaultheria, 652, 563, 564, 566 
Gaura, 638 
Gay, C.. 298 
Gaylussacia, 654, 655 
Gay aides, 593 
Gayophytum, 638 
Gazania, 730 
Gazetteers, list of, 325 
Geissolomataceae, 624 
Geitler, L., 475 
Gelsemium, 669, 670 
Genecology, 169 
Genera, nomenclature of, 206 
Genera siphonogamarum, of Dalla Torre 
and Harms, described, 287 
Generic names, conservation of, 205 
Genes, importance of, 173 
Genesis and evolution, 142 
Geniostoma, 670 
Genip, 584 
Genista, 548 
Genlisea, 706 
Genonomy, 169 
Genotype, 178-179 
Gentian, 671 

Gentianaceae, described, 670- 672 
Gentianales, 673, 666, 667 
Gentianineae, 667 

Genus, a unit of classification, 48-50 
Geocarpon, 483 

Geography of vascular plants, 141-165 
Geography, relationship to plant distribu- 
tions, 147 

Geologic eras, 145-147 
Geologic maps, use and sources of, 268, 
324, 325 

Geologic periods, chart of, 146; discussion 
of, 145, 147 

Geology and plant distributions, 142 
Geomorphology, importance to taxonomy, 
142-144 

Gtraniaceae, described, 551-552 
V/6eraniales, described, 549 
Geraniineae, 549 
Geranium, 551, 552 
Geranium, florist’s, 552 
Gerard, J., 15 
Gerardia, 696 
Gerbera, 729, 730 
Gerth van Wijk, H. L., 319 
Gesneriaceae, described, 703-705 
Geum, 542, 544 
Geuruia, 686 
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Gherkin, 720 

Gilbert-Carter, H., 318 

Gilia, 678, 679 

Gillenia, 541 

Gillesieae, 413, 415 

Gilman ia, 475 

Gilmour, J. S. L., 219 

Ginger, wild, 473 

Ginger family, described, 427 

Ginger lily, 428 

Ginger root, 428 

Ginkgo, 357, 358 

Ginkgoaceae, described, 357-359 

Ginkgoales, 357 

{Ginkyo), 358 

Ginseng, 643 

Ginseng family, described, 642 
Githopsis, 722 
Gladiolus, 423, 424 
Glaucium, 515, 516 
Glaux, 659 

Gleason, H. A., 219, 398 
Gleditsia, 547 
Gleichenia, 347 

Gleicheniaceae, described, 346-347 

Glinus, 483 

Glohba, 428 

Globe amaranth, 480 

Globe artichoke, 730 

Globe thistle, 731 

Globularia, 707 

Globulariaceae, described, 707 

Glochidion, 566 

Glossaries, list of, 317, 318 

Gloxinia, 705 

Glue, for mounting specimens, 245, 246 

Glumiflorae, described, 386-387 

Glycine, 548 

Glycosmis, 557 

Glyptostrobus, 365 

Gnaphaliitm, 730 

Gnetaceae, 368 

Gnetales, described, 368; phyletic impor- 
tance of, 104-105 
Gnetiim, 370 
Gmdia, 626 
Godetia, 638, 640 
Godfery, M. J., 437 
Goebel, K. I. E., 60 
Goethalsia. 591 
Goethe, J. W., 68, 73 
Golden bells, 668 
Golden seal, 498 
Goldschmidt, R., 174 
Gomortegaceae, 489 
Gomphocarpus, 675 
Gomphrena, 478, 479, 480 
Gomphrenoideae, 479 
Gondwana land, 143 
Gonolobus, 675 


Good, R. A., 142, 143, 153, 159, 162; 
theory of tolerance, 161, 162; vegetation 
areas of earth, 151-153 
Goodeniaceae, described, 723-724 
Goodspeed, T. H., 181 
Goodspeed, T. H. and Bradley, M. V., 176, 
178 

Goody era, 436 

Gooseberry, 534; Ceylon, 614; Otaheite, 
566 

Goosefoot family, described, All 
Gordon ia, 602 
Gormania, 531 
Gossypium, 593 
Gouania, 588 

Gourd family, described, 718 
Goutweed, 646 
Grahamia, 484 
Graminales, 386 

Gramineae, primitive characters of, 390 

Granadilla, 617 

Granadillo wood, 665 

Grape family, described, 588 

Grape, sea, 476 

Grapefern family, dt scribed, 343 
Grapefruit, 557 
Graptopetalum, 531 
Grass family, described, 398 
Grasses, primitive characters of, 390 
Gratiola, 695 

Gray, A., 26, 42, 49, 54, 86, 267, 292, 318 
Gray Herbarium card index, described, 287 
Great Plains, a physiographic province, 
156-157 

Green coloration, preservation in liquid, 
255, 256 

Green, M. L., 200 

Greene, E. L., 24, 170, 516 

Greenovia, 531 

Gregor, J. W., 176, 177, 178 

Gregory, J. W., 144 

Grew, N., 17 

Grewia, 592 

Grey, E., 321 

Greyia, All, 585 

Greyiaceae, 534, 585 

Griffen, F. J., Sherborn, C. D., and Mar- 
shall, H. S., 328 
Griselinia, 6A1 
Gronovius, J. F., 19 
Grossulariaceae, 534 
Ground pine, 338 
Groundnut, 394; see also peanut 
Grubbiaceae, 468 
Guaiacum, 555, 556 
Guarea, 561 

Guatemala, flora of, 297 
Guatteria, 509 
Guava, 634 
Guettardeae, 712 
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Gum, sour, 631 
Gunnera, 640, 641 
(junneraceae, 641 

Guppy. H. B., theory of differentiation, 161 
Gurania, 719 

Gustafsson, A., 52, 183, 184, 185 
Guttales, 597 
Guttapercha, 663 
Guttiferae described, 603-604 
Guttiferales, 597 
Guzmania, 406, 407 
Gyminda, 577 
{Gymnadenia)t 436 
(Gymnadeniopsis)^ 436 
Gymnema, 675 
Gymnocardia, 614 
Gymnocladus, 547 
Gymnogrammeoideae, 352 
Gymnospermae, described, 355-356; synop- 
sis to orders of, 356 

Gymnosperms, 370; ancestors of the angio- 
sperms, 104; paleobotany of, 102-103; 
phylogeny of, 102, 103 
Gymnosporia, 577 
GymnosteriSf 678 
Gynandreae, of Wettstein, 431 
Gynandropsis, 520 
Gynoecium, morphology of, 72-75 
Gynostegium, 435 
Gypsophila^ 487, 488 
GyrantherOt 595 
Gyrocarpust 514 
(Gyrostachys), 436 
Gyrostemonaceae, 477 

Habenaria, 435, 436, 437 

Haber, J. M., 565 

Haberlea, 704, 705 

HabranthuSf 420 

Haeckel, E., 389, 390 

Haemanthus, 418, 419 

Haemodoraceae, 419; described, 416-417 

Haemodorum, 417 

HagenbachiOf 417 

Hagerup, O., 104, 718 

Haienia, 671 

{Halerpestes)y 498 

HalesiOy 666 

Hall, H. M., 159 

Halleriay 695 

Hallier, H., 36, 106, 107, 115, 136; diagram 
of system, 132; system of classification, 
36, 130-133; see also note, p. 776 
Hallock, F. A., 449 
Halophilay 385, 386 

Haloragaceae, 642; described, 640-641 
Haloragis, 641 
Halorhagidaceae, 640 
Haloxyloriy All 

Hamamelidaceae, described, 537-538 


HamameliSy 537, 538 

Hansen’s phytogeographic zones, 153 

Haplopappus, 728, 732 

Harms, H., 407, 539 

Harpagonella, 685 

Harpephylluniy 574 

Harrington, H. D., 255, 256 

Harnsella, 436 

{Hartmannia)y 638 

Harvey, W. H. and Sonder, W., 301 

Hasseanthus, 531 

Hasselquist, F., 24, 25 

Hauyay 637, 638 

Hawaii, floras of, 303 

Hawthorn, 544 

Hayek, A., 299 

Hazelnut, 459 

Heat, as an insecticide, 252-253 
Heath, 654 

Heath family, described, 652 
Heather, 654 
Hebey 695 
HebenstretiOy 695 
Heberdeniay 657 
HechtiOy 406 
HeckerlOy 445 
Hedberg, O., 476 
HedeomUy 690 
Hedera, 643 
Hederaceae, 642 
Hedrianthus: see Edrianthus 
Hedrick, U. P., 321 
HedycaryOy 511 
Hedychiuniy 428 
Hedyosmuniy 446 
HedyotiSy 713 
Hedysaruniy 549 
Hegelmaier, F., 568 
Hegi, G., 299 
Heilborn, O., 174 
Heim, F., 452 
Heimerl, A., 481 
HeimiQy 628 

Heimsch, C., 98, 454, 455 

Heimsch, C. and Wetmore, R. H., 454 

Helenieae, 730 

Heleniuniy 730 

Heleocharis: see Eleocharis 

HeliamphorCy 527 

Heliantheae, 730 

Helianthemumy 608, 609 

{Helianthium)y 382 

Helianthusy 728, 729, 730, 731 

Helichrysunty 731 

Helicodicerosy 400 

Helicoid cyme, origin of, 61 

Heliconia, 426 

HeliopsiSy 730 

Heliotrope, 685; garden, 716 
Heliotropiaceae, 685 
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Heliotropioideae, 685 
Heliotropiuniy 684, 685 
Helipterum, 731 
Helleboreae, 498 
HelleboruSy 497, 498 
Helminthostachys, 343 
Helobiae, described, 375 
Helwingia, 647 
Hemerocallis, 415, 416 
Hemiangiospermae, position of, 104 
HemicarphOf 392 
Hemitelia, 348 
Hemizoma, 728 

Hemp, Cuban, 420; Manila, 427; Mauri- 
tian, 420 

Hemsley, W. B., 296 
Henbane, 694 
Henderson, M. W., 652 
Henequin, 420 
Henna tree, 628 
Henoomay 694 
HenriqueziOy 712 
HepaticOy 498 
Heracleuniy 646 

Herbaceae, of Hutchinson, 59 
Herbaceous versus woody habit, primitive- 
ness of, 106-107 
Herbalists, 15 

Herbaria, 228-231; abbreviations of, 273; 
important in world, 231, 232; lost by fire, 
260; significance of, 230-231 
Herbarium, arrangement of material in, 
259, 260 

Herbarium beetles, control of, 248-253 
Herbarium cases, organization of speci- 
mens in, 258, 260; types of, 257-258 
Herbarium collections, essential field notes 
to be made, 269 

Herbarium labels, maps printed on, 247, 
273 

Herbarium specimens, annotation of, 272; 
borrowing, 270, 271; labels for, 246, 
247, 273 

Herbarium studies, procedures, 270-273 
Herbarium techniques and methods, 243- 
260 

Herbarium techniques, adhesives for mount- 
ing specimens, 246; color retention of 
materials in fluid, 255; DDT as an in- 
secticide, 252; deep-freezing of materials, 
256; dissected preparations, 254-255, 257; 
fumigation, 250, 251; heat as an insecti- 
cide, 252, 253; heat in drying specimens, 

242- 243; housing bulky materials, 253- 
254; insect repellents, 253; insecticides, 
249-253; labels for sheets, 246 -248; liquid 
plastics, 246; liquid preservation of ma- 
terials, 253-256; mounting specimens, 

243- 246; oxyquinoline sulfate as a pre- 
servative. 255; quick-freezing of material. 


797 

256; poisoning specimens, 251, 252; speci 

men preservation, 248-257 
(Herbertia)y 424 
Hermanniay 596 
Hermidiutfiy 481 
HernandiOy 514 

Hernandiaceae, described, 513-514 

Herniariay 488 

HesperelaeOy 661 

HesperiSy 521, 522 

Hesperocnidey 465 

(Hesperolinum) y 553 

(Hesperomecon)y 516 

HeterantherOy 411 

Heterantherae, 411 

Heterocentroriy 636 

Heterocodotty 721, 722 

Heteropyxidaceae, 624 

Heterostylaceae, 380 

{Heterostylus) y 381 

HeucherOy 533, 534 

Hevea, 566 

HewardiOy 424 

HexalectriSy 436 

Hexastylisy 473 

HibbertlOy 598 

Hibiscus, 593, 594 

Hickory, 455 

{Hicoria)y 454 

Hieraciuniy 728, 732 

Hierochloey 389 

Hill, A. F., 321 

Hillebrandiay 621 

Himantandraceae, 489, 504 

HimatanthuSy 673 

Hippeastrurriy 419 

HippobromOy 722 

Hippocastanaceae, described, 582 

Hippocrataceae, described, 578-579 

Hippocratea, 578 

Hippophae, 626, 627 

Hippuridaceae, described, 641-642 

Hippuridineae, 624 

H ip purls y 641, 642 

Hirtella, 541 

History of classification, 13 41 
Hitchcock, A. S., 200, 219, 328 
Hjelmquist, H., 443, 446, 447, 448, 449, 

451, 452, 453, 455, 456, 457, 458, 460 
Hoarhound, 690 

Hodge, W. H., preservation technique. 241 

Hoffmanseggia, 547 

Hofmeister, W., 30 

Holland, J. H., 321 

Holland, T. H., 143 

Hollisteriay 475 

Holly family, described, 575 

Hollyhock, 594 

Holmskoldia, 688 

Holocanthay 558, 559 
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Holocarpha, 728 
Holodiscus, 543 
Holosteuniy 488 
Holotype, defined, 204 
Homaionienoy 398 
Homonym Rule, 213 
Honesty plant, 521 
Honey bell, 596 
Honeysuckle, 715 

Honeysuckle family, described, 713 
Honeywort, 685 

Hooker, J. D., 31, 32 33, 41, 49, 301; con- 
tributions to Genera Plantarum, 116, 
117, 118 

Hooker, W. I., 31, 42 

Hop tree, 557 

Hoplestigmataceae, 662 

Hops, 464 

Hordeae, 390 

Hordeum, 391 

HorkeliQy 544 

Horkelielloy 544 

(Hormidium), 436 

Hornwort family, described, 491 

Horse-chestnut family, described, 582 

Horse-radish, 521 

Horse-radish tree, 526 

Horsetail family, described, 336, 337 

Horsfordiay 593 

Horticultural plants, nomenclature of, 
206 

Hosackia, 547 
Hottoniay 658 
Hounds’ tongue, 685 
Houstomay 713 
Houttuymay 444 
Hovemay 588 
Howard, R. A., 252 
HoweUiay 721, 722 
Hoyay 675 

Hubbard, C. E., 390 
Huckleberry, 654 
Hudsoma, 609 
Hiiernia, 675 
{Hiigelia)y 678 
Hugonia, 553 
Hulten, E., 267, 292, 293 
HumuluSy 462, 464 
Hunnemanniay 515, 517 
Hutchinson, J., 34, 36-37, 38, 39, 58-59, 
67, 94, 95, 96, 104, 106, 107, 114, 115, 
290, 299, 333; diagram of system, 139; 
phyletic views, 59; system of classifica- 
tion, 36, 37, 133-139; see also note, 
p. Ill 

Hutchinson, J. and Dalziel, J. M., 302 

Huxley, J., 173, 174 

Hyacinth, 416 

Hy ban thus, 612 

Hybrid, definition of. 174 


Hybrids, fertility of, 174-175; types of, 
174-176 

Hydnoraceae, 472 
Hydrangea, 533, 534 
Hydrangeaceae, 534 
Hydrangeoideae, 533 
Hydrastis, 498 
Hydrastylus, 424 

Hydrocaryaceae, described, 636 637 
Hydrocera, 586 

Hydrocharitaceae, described, 385-386 

Hydrocleis, 384 

Hydrocotyle, 646 

Hydrolea, 683 

Hydromystia, 386 

Hydrophyllaceae, described, 682-684 
Hydrophyllum, 682, 683 
Hydropteridales, 344; described, 352 
Hydropteridineae, 352 
Hydrostachyaceae, 446 
Hydrostachyales, 446 
Hydrothnx, 410 

Hydroxyquinoline sulfate, as a preservative^ 
241, 255 
Hyenales, 337 
Hygrophila, 708 
Hylander, N., 321, 327 
Hvmenocallis, 418, 419, 420 
Hymenophyllaceae, described, 347, 348 
Hymenophylliim, 348 
Hyohanche, 695 
Hyoscyamiis, 694 

Hypanthium, morphology of, 80, 81 

Hypecoideae, 516, 518 

Hypecoum, 516, 518 

Hypericaceae, described, 604 605 

Hypericum, 604, 605 

Hypolate, 583 

Hypoxidaceae, 419 

Hypoxideae, 419 

Hypoxidoideae, 419 

Hypoxis, 419, 420 

Hyptis, 688 

Hyssop, 690 

Hyssopusy 690 

Iherillea, 719 

Iberis, 520, 521 

Jbicella, 702 

(Ibidium), 436 

Icacinaceae, described, 580 

Icacinineae, 569 

Icacorea, 658 

Iceland poppy, 517 

Identification of plants, 223-232 

Idesia, 614 

Idria, 680 

Hama, 509 

Ilex, 576 

lliamnay 593 



INDEX 


799 


lllecebraceae (included with Caryophyl- 
laceae), 488 

Illegitimate names, rules pertaining to, 213 
Illiciaceae, 504; described, 505-506 
IlUcium, 505 
lUigera, 514 

Illustrations, photographs, 211-21 types 
of, 272 

Impatiens, 586 
Incarvillea^ 698, 700 
Index fihcumy description of, 287 
Index KewensiSy notes concerning, 286, 287 
Index LondinensiSy description of, 288 
Indexes of, maps, 325; plant names, 285 
288 

Indian almond, 633 
Indian hg, 623 
Indian pink, 670 

Inferior ovary, defined, 79; derivation of, 
79-81 

Inflorescence, centrifugal, 61; centripetal, 
61; defined, 59; diagrams of types, 63; 
evolution of, 59; morphology of types, 
59 64; role of solitary flower, 60 
Infrageneric categories, measured by bio- 
systematics, 181, 182 
Infraspecific categories, 53, 54 
Insect control in herbaria, 248 253 
Insecticides, use in herbarium, 249, 253 
Interior highlands of North America, 156 
International Rules of botanical nomencla- 
ture, beginnings of, 198-200; provisions 
of, 201, 202; see also Nomenclature 
Interrupted fern, 345 
Introduced plant, defined, 279 
Inulay 728, 730 
Inuleae, 730 
lonopsiSy 436 
Uonoxalis) y 550 
Ipecac, 713 

Ipomoea, 676, 677, 678 
hesiney 479, 480 
Iridaceae, described, 422-425 
Iridales, of Hutchinson, 424 
Iridineae, 41 1 
Iridoideae, 424 
Insy 422, 423 

Iris family, described, 422 

Irregular flower, characteristics of, 84 

Isatby 522 

IschnosiphoHy 430 

Isoetaceae, described, 341-342 

Isoetales, 341 

Isoetesy 341, 342 

Isoetinae, described, 340 

{Isoloma)y 105 

Isomensy 519 

Isophysideae, 424 

IsophysiSy 424 

Isopyruifiy 498 


IsotriOy 436 
Isotype, defined, 204 
Iteaceae, 534 
Ivoy 730 
IvesiOy 544 

Ivy, Boston, 589; Engish, 643; Kenilworth, 
697 

Ivy gourd, 720 
Ixiay 424 
Ixiaceae, 422 
Ixieae, 424 
Ixioideae, 424 
Ixoruy 713 

Jaboticaba, 634 

Jacaranda, 700 

Jackfruit, 464 

Jack-in-the-pulpit, 400 

Jackson, B. D., 20, 22. 224, 286, 306, 318 

Jackson, G., 80- 81, 644 

JacobiniQy 708, 709 

Jacobsen, H., 483 

Jacquemontiay 677 

JacqwniUy 657 

Jamaica, flora of, 297 

Janchen, E., 609 

JanusiGy 562 

Japanese persimmon, 665 

Jasione, 721, 722 

Jasmine, 668; Chilean, 673 

Jasminoideae, 667 

Jasminumy 661 y 668 

Jatrophoy 566 

JeffersoniGy 501 

Jenkin, T. J., 181, 182 

Jerusalem thorn, 588 

Jessamine, Carolina, 670; orange, 557 

Jetbead, 544 

Joewood family, described, 657 

Johansen, D. A., 88 

Johnston, 1. M,, 256, 685 

Jones, G. N. and Meadows, E., 231, 260 

Jones, M., 170 

Jonker, F. P., 431, 432 

Jordon, A., 179 

Jorgensen, C. A., 568 

Joshi. A. C., 476, 510 

Juglandaceae, described, 453-455 

Juglandales, described, 452-453 

Juglansy 453, 454, 455 

Jujube, 588 

Julianales, 455 

Juncaceae, described, 412-413; distinct 
from Glumiflbrae, 386 
Juncaginaceae, 379 
Juncales, 386 
Juncineae, 411 
J uncus y 412 
Juniperoideae, 367 
Juniperus. 366, 367 
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Jussiaea, 637 
Jussieu, Adrian de, 29 
Jussieu, Antoine de, 28-29, 32, 42, 116, 
498 

Jussieu, B. de, 18, 20 

Just, T., 43, 87, 103, 188, 355, 637 

Justicifl, 70^, 709 

Kadsura, 506, 507 
Kaffir plum, 574 
Kalanchoe, 530, 531 
Kalanchoideae, 532 
KaliphorOf 647 
Kallstroemia, 556 
Kalm, P., 24 
KalmiOy 653, 654 
Kalmiopsis^ 655 
Kalopanax, 643 
Kanjilal, U. N., 301 

Kearney, T. H. and Peebles, R. H., 293, 
577, 623 
Kei apple, 614 
Kelloggia, 713 
Kelsey, H. F, 193 
Kenilworth ivy, 697 
Kerosphaereae, taxonomy of, 436 
Kerria, 544 
Keteeleria, 364 
Kew Rule, explained, 197 
Key to, classes of Pteridophyta, 335; orders 
of Gymnospermae, 356; orders of dicots, 
439-442; orders of monocots, 372; sub- 
families of Rosaceae, 543, of Legumi- 
nosae, 545 

Keys, construction of, 227, 228; testing of, 
271; to woody plants, 57; types of, 225, 
226; use in plant identification, 225 
Khaya, 561 
KibataliOj 673 
Kigelia, 699, 700 
Kirk, J. W. C., 321 
Kirk, T., 303 

Kirouc, C., see Marie-Victorin, Fr. 

Kissenia, 619 

Kitaibelia, 592, 594 

Klett, W., 670 

Kmeria, 503, 504 

(Kneiffia), 638 

Kniphofia, 413 

Kunth, C., 376, 421 

Koch, M., 67, 726, 730 

Kochia, 478 

Koeberlinia, 577 

Koeberliniaceae, 577 

Koeberlinioideae, 577 

Koelreutenoy 454, 583 

Koenigia, 476 

Kohleria, 704, 705 

Kohlrabi, 521 

Kolkwitzia, 713, 715 


Komarov, V. L., 299 
Krameria, 547 
Krameriaceae, 547 
Kramerieae, 547 
Kranzlin, K., 429 
Krause, K., 413, 415, 419 
Kreyer, G. K., 182 
Krigia, 732 

Krock, T. O. B. N., 327 
Krugiodendron, 588 
Kumquat, 557 
Kuntze, O., 531 
Kuntzia, 544 

Labels for herbarium specimens, 246-248 

Labiatae, described, 688-692 

LachnantheSy 417 

Lachnocauloriy 405 

(Lachnostoma)y 675 

Lacmelleay 672 

Lactoridaceae, 489 

Lactuca, 730 

LaeUOy 437 

LafoensiOy 628 

LagenariOy 720 

Lagerberg, T. and Holmboe, J., 300 
Lagerstroemiay 628 
Laibach, F., 180 

Lam, H. J., 53, 98, 105; Stachyosporous 
theory, 105, 106 
Lamarck, J. B. A. P. M., 27, 28 
Lamarckism, defined, 172 
Lambrecht, H., 51 
Lamellate placentation, 78 
Lamiaceae, 688 
Lamiales, 680, 687 
Lamiuniy 689 
Langloisitty 678 
(Languas)y 427 
Lanjouw, J., 201 
LantanOy 687, 688 
LaphamiQy 728 
LapitheOy 671 
LaporteOy 464, 465 
LapsanOy 728 

Lardizabalaceae, described, 500 
Larixy 364, 365 
LarreOy 556 
Las6gue, A., 328 
Lasioideae, 398 
Lastarriactty 475 
Lastheniay 728, 732 
Lathyrusy 546, 548 
Lattice-leaf plant, 379 
Laubengayer, R. A., 475, 476 
vLauraceae, described, 512-513 
Laurales, of Hutchinson, 513 
Laurasia, 143 
Laurel, mountain, 654 
LaureliQy 511 
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Laurentian uplands, 156 
Lauroideae, 573 
Lauras, 512, 513 
Lavandula, 690, 691 
Lavatera, 593 
(Lavauxia), 638 
Lavender, 690 
Lavialle, P., 730 
Lawalree, A., 401 
Lawrence, J. R., 685 
Lawsonia, 627, 628 
Layla, 730 

Leadwort family, described, 661 

Leandra, 636 

Leatherleaf, 654 

Leatherwood, 575, 626 

Leavenworthia, 521 

Leaves, origins of, 65 

Lechea, 609 

L’Ecluse, C., 15 

Lecythidaceae, 624 

Leea, 588 

Legenere, 721, 722 

Leguminosae, described, 545-549; synopsis 
to subfamilies of, 545 
Leiphaimos, 670, 671 
Leitneria, 452 

Leitneriaceae, described, 451-452 
Leitneriales, described, 451 
Lemesle, R., 105, 541 
Lemna, 400, 401 
Lemnaceae, described, 400-402 
Lemon, 557 
Lemon leaf, 654 
Lennoa, 681, 682 

Lennoaceae, 650; described, 681-682 
Lennoineae, 676 
Lenophyllum, 531 
Lens, 548 

il»^«U^u4«vriape^ desflfibed, 705-706 

Lentiir 

Leonotis, 690 

Leonlice, 502 

Leontopodium, 731 

Lepidium, 521 

Lepidodendrids, era of, 145-146 

(Leptamnium) , 703 

Leptarrhena, 533 

Leptodactylon, 678 

Leptopteris, 345 

Leptospermum, 634 

Leptosporangiatae, described, 344 

Leptosporangiate fern, defined, 342 

Lespedeza, 548 

Lesquerella, 522 

Lettuce, 730 

Leucadendron, 467 

Leucastereae, 481 

Leucocarpus, 695 

Leucojaceae, 417 


Leiicojum, 420 
Leucopogon, 656 
Leucothoe, 654 
Levisticum, 645, 646 
Lewisia, 484, 485 
Leycesteria, 713, 715 
L’Heritier de Brutelle, C. L., 29 
Liatris, 730 
Libertia, 422 
Libocedrus, 366, 367 
Licaria, 513 
Lid, J., 300 
Lightfootia, 722 
Lightwood, 536 

Ligneous versus herbaceous characters, 58, 
59 

Lignosae, of Hutchinson, 59 
Lignum vitae, 556 
Ligustrum, 667, 668 
Lilac, 668 
Lilaea, 380, 381 
Lilaeaceae, described, 380-381 
Liliales, 411 

Llliaceae, described, 413 416; of Hutchin- 
son, 415 

Liliiflorae, described, 411-412 
Liliineae, 411 
LHium, 413, 414 
Lilly-pilly, 634 
Lily family, described, 413 
Lime, 557; Spanish, 584 
Limnanthaceae, described, 572-573 
Limnanthes, 573 
Limnanthineae, 569 
Limnobium, 385, 386 
Limnocharis, 384 
Limnochariteae, 383 
Limnophyton, 382 
(Limodorum), 436 
Limonium, 661 
Linaceae, described, 553 554 
(Linant hast rum ) , 678 
Linanthus, 678, 679 
Linaria, 695 

Linden family, described, 591 
Lindera, 513 

Lindley, J., 42, 116, 529; system of classi- 
fication, 31 

Lindman, C. A. M., 300 
Lindsey, A. A., 671 
Link, H., 54, 59 
Linnaea, 713, 715 

Linnaeus, C., 13, 14, 39, 42, 48, 49, 54, 59, 
178, 194, 195; binomial nomenclature, 
23; biographical account, 18-21; cata- 
logue of herbarium, 328, 329; herbarium, 
25, 26; natural system of classification, 
24; principles of nomenclature, 195; Spe- 
cies plantarum, 23; system of classifica- 
tion, 22, 23, 24 
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Linnaeus, C., fil., 25 
Linseed oil, 554 
Linum, 553, 554 
Lion’s-ear, 690 
Liparis, 436 
Lippia, 687 
Liquidamhar, 537, 538 
Liquids, as specimen preservatives, 253- 
256 

Liriodendro/tf 504 
Lissocarpaceae, 662 
List era, 436, 437 
Litchi, 583 

Literature, 284 -332; abbreviations of peri- 
odical titles, 308 3 17; bibliographies of, 
305-306; biographical references, 326- 
327; catalogues of botanical libraries, 
306, 307; color charts, 329-330; culti- 
vated plants, 316 317, 319-322; diction- 
aries, 318-319; economic plants, 316- 
317, 319 322; floras of North America, 
291; gazetteers, 325; glossaries, 317-318; 
importance in floristic studies, 281, 282; 
maps, 323 326; Old World periodicals, 
313 316; periodicals, 308-317; publica- 
tion dates, 327-328; review serials, 307; 
type-specimen sources, 328, 329; Union 
list of serials, 309; use of in identifica- 
tion, 223, 224 
Lithocarpus, 460 
Lithospermiim, 685 
Litorella, 711 
Litsea, 513 
Little, E. L., 219 

Lizard’s-tail family, described, 444 

Lloyd, F. E., 706 

Loasaceae, desciibed, 618-619 

Loasales, 597 

Loasineae, 597 

L’Obel, M., 15 

Lobelia, 721, 722 

Lobeliaceac, 721, 722 

Lobelioideae, 722 

Loblolly bay, 602 

Lobiilaria, 521 

Loefiingia, 488 

Loeselia, 678 

Loesener, T., 428 

Loganberry, 544 

Logania, 669 

Logan iaceae, described, 669-670 
Lomandreae, 413, 415 
Longan, 583 
Lonicera, 713, 714, 715 
Loosestrife, 628 

Loosestrife family, described, 627 
Lopezia, 637, 638 
Lophiola, 417 
Lophotocarpus, 382 
Lopseed family, de«'cribed, 710 


Loquat, 544 

Loranthaceae, described, 471-472 

Loranthineae, 468 

Loranthoideae, 472 

Loranthus, 472 

Loropetalum, 538 

Lotoideae, 545, 547 

Lotsy, P., 107, 390 

Lotsy, P. and Godjin, W. A., 174 

Lotus, 546, 548 

Lovage, 646 

Lowiaceae, 426 

Lowioideae, 426 

(Liicuma), 663 

Ludwigia, 637 

Luetkea, 544 

Luffa, 720 

Lunar la, 521 

Lundell, C. E., 243 

Lungwoit, 685 

Lupine, 548 

LupinuSy 546, 547, 548 

Luxembergia, 601 

Luzula, 412 

Luzuriagoideae, 415 

Lyallia, 487 

Lychee, 583 

Lychnis, 487, 488 

Lycianthes, 694 

Lyciunt, 694 

Lycopersicon, 693, 694 

Lycopodiaceae, described, 337 

Lycopodiales, 337 

Lycopodiinae, described, 337 

Lycopodium, 337, 338 

Lycopsida, 337, 355; era of, 145-146 

Lycopsis, 684 

Lycoris, 419, 420 

Lycosphens, 335 

Lygodium, 346 

Lyonothamniis, 536 

Lyons, A. B., 319 

{Lysias'). 436 

Lysichiton, 398 

Lysimachia, 659 

Lysipomia, 722 

Lythraceae, described, 621-62S 
Lythrum, 627 

Macadamia, 467 
Macaranga, 566 
Macassar ebony, 665 
Macbride, J. F., 298 
MacDaniels, L. H., 80, 243 
Macdougal, T. A., 256 
Mace, 510 

Macleaya, 515, 516, 517 
Macloskie, G., 298 
Madura, 462 
Macradenia, 436 
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(Macrocarpium)y 648 
Macrosiphonia, 673 
Macrozamia, 357 
McVaugh, R., 722 
Madder, 713 

Madder family, described, 712 
Madeira vine, 486 
Madia, 728, 730 
Maesa, 658 
Magnol, P., 28 
Magnolia, 503, 504 
Magnolia family, described, 503-505 
Magnoliaceae, described, 503, 504; distin- 
guished from Cercidiphylaceae, 496 
Magnoliineae, 489 
Mahernia, 596 

Maheshwari, P., 87, 467, 623, 638, 681 

Mahogany, African, 561 

Mahogany family, described, 560 

Mahonia, 500, 501 

Maia, L. D’O., 415 

Maianthemum, 414 

Maillefer, F., 182, 243 

Maiwald, V., 327 

Malabar, 486 

Malaceae, 543 

Malachodendron, 602 

Malachra, 593 

Malaxis, 436 

Malaysia, flora of, 303 

Malesherbiaceae, 597 

Mallow family, described, 592 

Malope, 592, 593 

Malosma, 574 

Malpighi, N., 17 

Malpighia, 562 

Malpighiaceae, described, 562-563 

Malpigiineae, 549 

Maltese-cross, 488 

Mains, 542, 544 

Malva, 593, 594 

Malvaceae, described, 592-595 

Malvales, 590 

Malvastrum, 593 

Malvaviscus, 592, 594 

Malvineae, 590 

Manimea, 603 

Mammee apple, 604 

Mandevilla, 673 

Manr/tia, 713 

Manfreda, 419, 420 

Mangifera, 574 

Mango, 574 

Mangosteen, 604 

Mangiove family, described, 629, 630 

Manihot, 566 

Manila hemp, 427 

{Manilkara), 663 

Manning, W. E., 453, 454, 455 

Marton, I., 181 
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Manuals, of cultivated plants, 319-322; see 
also Floras 

Maple family, described, 581 
Maps, air photographs, 325; geological, 324, 
325; indexes to, 325; nautical charts, 324; 
on herbarium labels, 247, 273; soil, 325; 
sources of outline maps, 323; topo- 
graphic, 323, 324; types of 323-326 
Marah, 719 
Maranta, 430 

Marantaceae, described, 429-430 
Marattia, 344 

Marattiaceae, described, 344 
Marattiales, described, 344 
Marcgraviaceae, 597 
Margaranthus, 694 
Marginal placentation, 75 
Marianthus, 535 
Mariceae, 424 
Marie-Victorln, Fr., 293 
Marijuana, 464 
Marjoram, pot, 690 
Markgraf, F., 105, 368 
(Marlea), 632 
Marmalade plum 663 
Marrow, 720 
Marruhium, 690 
Marsdema, 675 
Marshall, H. S., 328 
Marshallia, 728 
Marsdea, 353 

Marsileaceae, described, 352-353 
Martin, A. C., 87, 98, 221, 623 
Martius, K. F. P. von, 298 
Marty ma, 701 

Martyniaceae, described, 701-702 
Mason, H. L., 159, 164, 401 
Mass collections, 269 270 
Masters, M. T., 86 
Mastic tree, 574 
Mastichodendron, 663 
Mastixia, 647 
Matelea, 675 
Matricaria, 728, 730 
Matthiola, 521 
Maurandia, 695 
Maurilaun, K. von, 179 
Mauritian hemp, 420 
Mauritzon, J., 532 
(Maximilianea), 610 
Maximowiczia, 719 
Mayaca, 402 

Mayacaceae, described, 402-403 
Maydeae, 387, 390 
Mayflower, 654 
Maytenus, 577 
Meadowfoam, 573 
Meconella, 516 
Meconopsis, 516, 517 
Medinella, 636 
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Medlar, 544 
Medusagynaceae, 597 
Megacarpaeot 520 
Megasporophyll, 74 
Melaleuca f 634 
Melampyrurriy 695, 698 
Melanophyllay 647 
Melastomaceae, described, 635-636 
Melastomataceae, 635 
Melia, 561 

Meliaceae, described, 560-561 
Meliales, 561 

Melianthaceae, described, 585 

Melianthineae, 569 

MeUanthus, 585 

Melicocca, 584 

MelilotuSt 548 

Meliosma, 584 

{Mellichampia), 675 

Me lochia, 596 

Melothria, 719 

Melothrieae, 719 

Memecylon, 636 

Mendelism, 173 

Mendle, G., 8, 173 

Menispermaceae, described, 502-503 

Menispermuntt 503 

Menodora, 667, 669 

Mentha, 689, 690 

Mentzelia, 618, 619 

Menyanthaceae, 671 

Menyanthes, 670, 671 

Menyanthoideae, 670 

(Meratia), 508 

Merciera, 722 

(Merckia), 487 

Merrill, E. D., 245, 250, 253, 257, 303 

Merrill, E. D. and Walker, E. H., 224, 306 

Mertensia, 685 

(Mesadenus) , 436 

Mesembryaceae, 482 

Mesembryanthemum, 483 

Mesembryanthemum family, described, 482 

Mespilus, 544 

Metasequoia, 365, 366 

(Metastelma), 675 

Metcalfe, C. R. and Chalk, L., 98 

Metopium, 574 

Mexican buckeye, 584 

Mexico, floras of, 296 

Meyer, A., 53 

Mez, K. C., 37, 100, 623 

Mezcal, 420 

Mezereum family, described, 625 

Michauxia, 111, 111 

Michelia, 504 

Miconia, 636 

Microcala, 671 

Microcycas, 351 

{Micropiper), 445 


Microspecies, 185 

Microspermae, 411; described, 431 
Mignonette tree, 628 
Migrations, floral, 163 
Mikania, 730 
Miki, S., 376, 377, 385 
Milk plant, Ceylon, 675 
Milkweed family, described, 673 
Milkwort family, described, 563 
Mimosa, 547 
Mimosaceae, 545 
Mimosoideae, 545 
Mimulus, 695, 696, 697 
Mimusops, 663 
Mint, 690 

Mint family described, 688 
{Minuartia) , 487 
Mirabileae, 481 
Mirabilis, 480, 481 
Missa, H., 25 
Mistletoe, 472 

Mistletoe family, described, 471 
Mitchella, 111, 713 
Mitreola, 669 
Mock orange, 534 

Modern taxonomy, objectives of, 171-172 

(Moehringia) , 487 

Molasses, 391 

Moldenke, H. N., 687 

Molisch, serological contributions, 100 

Mollia, 591 

Mollinedria, 511 

Mollugo, 483 

Molucella, 689 

(Moluchia), 596 

Mombin, 574 

Momordica, 718, 719, 720 

Monandrae, taxonomy of, 435, 436 

Monanthes, 531 

Monarda, 689, 690, 691 

Monardella, 690 

Moneses, 651 

Monimiaceae, described, 510-512 
Monkey flower, 697 
Monkshood, 499 
Monnina, 564 

Monochasium, in inflorescence phytogeny, 
62 

Monochoria, 411 

Monocots versus dicots, primitiveness 
of, 107 

Monocotyledoneae, described, 371-372; 

synopsis to orders of, 372 
Monodora, 509 

Monoecism, characteristics of, 83 
Monograph, defined, 304 
Monographs and revisions, bibliographies 
of, 305, 306; preparation of, 263-274 
Monolepis, 478 
Monolopia, 732 
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Monopylef 705 

Monotropa, 651; preservation of in liquid, 
255, 256 

Monotropaceae, 652 s/ 

Monotropoideae, 651 
MonotropsiSy 651 
Monsoniay 551 
MonsterOy 400 
Monsteroideae, 398 
MontiOy 484, 485 
Moonflower, 677 

Moonseed family, described, 502 

Moore, C. and Betche, E., 303 

Moore, H. E., Jr., 255 

Moore, R. J., 670 

Moraceae, described, 462-464 

MoraeOy 424 

Moran, R., 49 

MoricandOy 521 

Morinay 111 

Morindoy 712 

MoringOy 526 

Moringaceae, described, 525-527 
Morning-glory family, described, 676 
Moroideae, 463 
Morphine, source of, 517 
Morphological criteria in taxonomy, 51- 
88 

Morphology, importance to phylogeny, 98- 
99 

Mortoniay 577 
MoruSy 462, 463, 464 
Moseley, M. F. Jr., 443 
(Mosiera)y 634 
Moule, A. C., 358 
Mountain ash, 544 
Mountain laurel, 654 
Mountain-rose vine, 476 
Mounting specimens, 243-246 
Mouse-ear chickweed, 488 
Muenscher, W. C., 321 
Muhlenberg, H. L., 26 
Mulberry, 464 

Mulberry family, described, 462-464 

Muller, E. G, O., 718 

Muntingia, 591 

Munz, P. A., 293, 326 

MurdanmOy 408, 409 

MurrayOy 557 

Mustty 426 

Musaceae, described, 425-427 
Muschler, R. 302 
Muskmelon, 720 
Musoideae, 426 
Mustard, 521 

Mustard family, described, 520 
Mutations, 174 
Mutiseae, 730 
MutisiOy 730 
MydocarpuSy 646 


Myoporaceae, described, 709-710 

Myoporineae, 676 

Myoporuniy 709, 710 

MyosoruSy 498 

MyosotiSy 685 

Myricoy 450, 451 

Myricaceae, described, 450-451 

Myricales, described, 450 

Myricaritty 608, 634 

Myriophyllumy 641 

MyristicOy 510 

Myristicaceae, described, 509-510 
Myrothammaceae, 530 
Myrrh, 560 
MyrsinOy 658 

Myrsinaceae, described, 657-658 
Myrsinales, 658 
Myrtaceae, described, 633-635 
Myrtales, 624, 625 
Myrtiflorae, 624 625 
Myrtineae, 624 
Myrtle, 634 

Myrtle family, described, 633 
MyttuSy 634 
Myzodendraccae, 468 

Nageli, C. W., 60 

Najadaceae, 377; described, 378 

Najadales, 375, 376 

NajaSy 378 

Nakai, T., 447 

NamOy 682, 683 

NandinOy 500 

I^apeaey 592, 593 

Napthalene flakes, as insect repellents, 253 

Narcisseae, 419 

Narcissusy 418, 419, 420 

Narthecieae, 415 

Nast, C. G., 454, 504 

Nast, C. G. and Bailey, I. W., 494, 495 
Nasturtium, 553 

hiasturtiuniy 521; see also Tropaeolum 
Nasturtium family, described, 552 
Natal orange, 670 
Natal plum, 673 

Natural classification, defined, 93 
Natural selection, role in evolution, 172- 
173 

Natural systems of classification, 26-33 

Naturalized plant, defined, 279 

Nautical charts, sources of, 324 

Naval stores, 364 

NavarretlOy 678 

Navia, 407 

Navioideae, 407 

Neal, M. C., 322 

NectandrOy 512, 513 

Nectarine, 544 

Kectaropetaluniy 554 

Nelumbaceae, 490 
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(Nelumbium), 491 
Nelumbo, 489, 490, 491 
Nelumboideae, 489, 490 
NemacauliSy 475 
NemacladuSy 722 
Nemastylisy 424 
Nematanthera, 445 
Nematostylisy 712 
Nemopanthus, 5/6 
Nemostylisy 424 
NeoglazioviOy 407 
b! eoleuderitziOy 555 
Ncomaricay 424 
{Neottia)y 436 
Neotype, defined, 204 
Nepenthacei^ifi 
Nepela, 689, 691 
NephrolepiSy 351 
Nerin€y 420 
Neriunty 673 
NerterOy 713 
Nestroma, 470 
Nettle family, described, 464 
Neuradoideae, 543 
Neutral flowers, defined, 83-84 
NeviusiUy 544 

New World periodicals, list of, 310-313 

New Zealand, floras of, 302, 303 

New Zealand spinach, 484 

Newberryay 651 

Nicandreae, 694 

Nicholson, G., 322 

Nicotianay 693, 694 

Nidulanum, 407 

Nierembergia, 693, 694 

Nieuwland, J. A. and Slavin, A. D., 256 

Nigellay 496, 497 

Nightshade family, described, 693, 694 

Ninebark, 544 

Nitrariaceae, 555 

Nitrophihy 411 y 478 

Nivenia, 422 

Nolana, 692 

Nolanaceae, described, 692 
Nolineae, 419 
Nolteoy 588 

Nomenclature, 192-222; American code, 
199; Amsterdam Congress, 200; apo- 
micts, 201; author citation, 209, 210; 
Britton’s influence, 218, 219; Brussels 
Congress, 199; Cambridge Congress, 199, 
200; capitalization of specific epithets, 
202, 216; choice of names when com- 
bining two taxa, 212; choice of names 
when rank is changed, 212; codes of, 
196-201; common names inadequate, 
193, 194; conditions of valid publica- 
tion, 208; conservation of species names, 
200, 202, 206; conservation of names of 
taxa in higher categories, 205; culti- 


vated plants, 206; dates for starting 
points, 205; dates of publication, 207; 
DeCandolle’s contributions, 195 197; 
decapitalization of specific epithets, 202, 
216, 219; designation of typical element, 
202; distinguished from identification, 4; 
effective publication, 206-207; English 
names inadequate, 193; epithet defined, 
208; family names, conservation of, 205; 
generic names conserved, 205; historical 
account of, 194 -196; holotype defined, 
204; homonym rule, 213; horticultural 
plants, 206; illegitimate names, 213; in- 
dependent from zoological nomenclature, 
202; infraspecific units, 211-212; isotype 
defined, 204; Kew Rule, 196, 196; kinds 
of types, 204, 205; Latin description re- 
quired, 207; Latin language the basis, 192, 
193; Linnaeus’ Principles, 195; neotype 
defined, 204; nomen rejiciendumy 205; 
nomina ambiguOy 214; nomina confusa, 
215; nomina dubia rejected, 202; nomina 
generica conservanday history of, 198- 
199; nomina specifica conservanda re- 
jected, 200, 202; nothomorphs, 201; of 
cultivated plants, 206; of remodelled or 
divided taxa, 210; of taxa of changed 
rank, 212, 213; of united taxa, 212; 
original spelling retained, 216; ortho- 
graphic errors, 216; paratype defined, 
204; Paris Code, 196; Paris Convention, 
198; principle of priority, 203; publica- 
tion requirements, 208; purpose of, 202, 
203; rejection of names. 213; retention 
of names on remodeling, 210, 211; 
Rochester Code, 197; sequence of classi- 
fication units. 217; species names, 206, 
211; Steudel’s Nomenclator, 195, 196; 
Stockholm Congress, 201; superfluous 
names illegitimate, 213; syntype defined, 
204; tautonomy examples, 215; tau- 
tonyms illegitimate, 215-216; taxon, 
adoption of the term, 201; the type 
method, 203 205; topotype defined, 205; 
type defined, 203; Type-basis Code, 199; 
units of classification, 217; valid pub- 
lication, 208; Vienna Code, 198, 199 
Nomina ambigua, 214 
Nomina confusay 215 

Nomina generica conservanday source of 
lists of, 205 

Nomina specifica conservanduy rejected, 
200, 202 
Nopaleay 623 
Norris, T., 514, 518 

North American flora, described, 291, 292 
Northeastern United States, floras of, 
295 

Northwestern United States, floras of, 293, 
294 
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Nothofagus, 459, 460 
Notholaena, 350 

Nothomorphs, nomenclature of, 201 
Nuphar, 490 
Nutmeg, 510 

Nutmeg family, described, 509 
Nuttall, T., 26 
NuxiOj 669 
Nuytsia, 471 

Nyctaginaceae, described, 480-481 
NyctantheSy 667 
Nymphaea, 489, 490 
Nymphaeaceae, described, 489-491 
Nymphaeineae, 489 
Nymphaeoideae, 489, 490 
NymphoideSy 671 
J^yssOy 631 

Nyssaceae, derivatives of Cornaceae, 648; 
described, 630-631 

Oak, 460 
Oats, 391 
Oholanay 671 

')cean basins, importance of, 147-149 
Ochna, 601 

Ochnaceae, described, 600-601 

OchradenuSy 524 

Ocimuuiy 690 

Ocotilloy 860 

Octeoy 513 

Octokncmataceae, 468 
OctonieleSy 620 
Odontoglossum, 437 
Odontospermunty 730 
Odontostominae, 415 
Odontostomurriy 415 
Oenotheroy 638, 639, 640 
Oenotheraceae, 637 

Oil of, Bay Rum, 634; Ben, 526; betula, 
459; cedar, 367; wormwood, 478 
Okra, 594 

Olacaceae, described, 469 

Olax family, described, 469 

Old World periodicals, list of, 313-316 

( Oldetilandia ) , 7 1 3 

Oldenlandieae, 713 

OJeUy 667, 668 

Oleaceae, described, 667-669 
Oleander, 673; yellow, 673 
Oscaster, 627 

Oleaster family, described, 626 
Oleineae, 667 
Oleoideae, 667 
OligomeriSy 525 
Olinaceae, 624 

Olive, 668; black, 633; fragrant, 668 
Olive family, described, 667 
Oliver, D., 302 
Olsyniunty 424 
Olyreae, 389 


OmphalogrammOy 660 
'fenagraceae, described, 637-640 
Oncidiiurty 436 
One-flowered pyrola, 652 
O’Neill, H., 252 
Onion, 416 
Onocleoy 350 

Ontogeny, contrasted with phylogeny, 92 

Onychium, 352 

Ophiocaryotiy 584 

Ophioglossaceae, described, 343 

Ophioglossales, described, 343 

Ophioglosswriy 343 

OphiopogoHy 415 

Opiliaceae, 468 

Ophrydoideae, 436 

OphrySy 437 

Oplopanax, 643 

Oppositifoi ac, families of, 128, 129 

Opulastety 544 

Opuntia, 623 

Opuntiaceae, 621 

Opuntiaeae, 621 

Opuntiales, 621 

Opuntioideae, 623 

Orange, 557; Natal, 670; Irifoliolate, 557 
Orange jessamine, 557 
chid tree, 548 

Oichidaceae, described, 433-438; origin of, 
431 

Orchidales, 431 
OrchidantherOy 426 
OrchiSy 436, 437 

Order, a unit of classification, 46 
Orders, nomenclature of, 205; of dicots, 
synopsis to, 439, 440, 441, 442 
Oriental poppy, 517 
Origanum, 690 

*^robanchaceae, described, 702-703 
Orobanchcy 703 
Orontiumy 398, 400 
Orpine family, described, 530 
Orr, M. Y., 525 
Orris root, 424 
Orthrosanusy 422 
OrycteSy 694 
OryzUy 391 
Oryzeae, 389 
Oserya, 466 
Osmanthusy 667, 668 
Osmunda, 345 

Osmundaceae, described, 345 
Ostenia, 384 
OstrowskiGy 111, 722 
Ostrya, 457, 459 
Ostryopsisy 457 
Oswego tea, 691 
Otaheite gooseberry, 566 
Ouratea, 601 

Outline maps, sources of, 323 
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Ovary, origin of, 72-75; simple versus com- 
pound, 74-75 

Ovary positions, derivations of, 79, 80 
Oxalidaceae, described, 550-551 
Oxalis, 550 

OxerOy 686 

Oxybaphus, 480, 481 
{O xy coccus) y 654, 655 
Oxydendrunty 654 
OxygynCy 432 
OxymitrOy 509 
Oxypetaluniy 675 

Oxyquinoline sulfate, formula for use of, 
255 

OxyrlUy 475 
OxystyliSy 519 
OxythecOy 475 
OxytropiSy 548 
Ozenda, P., 65 

PachirOy 595 
{Pachylophus) y 638 
PachyrrhizuSy 548 
PachysandrOy 570 
Pachystachysy 709 
Pachystimoy 577 

Pacific borderlands, a physio-graphic 
province, 157 

Pacific coast states, floras of, 293 
Pacific islands, floras of, 303 
PaeoniGy 496, 498 

Paeoniaceae, 498; alliance with Crossoso- 
mataceae, 541 
Paeonieae, 498 
PagameOy 712 
PalafoxiUy 728 
Palaquiuniy 663 

Paleobotany, of angiosperms, 103-108; 
of gymnosperms, 102-103; importance 
to phylogeny, 97, 98; the basis of 
phylogeny, 97-98 
PaluiruSy 588 

Palm family, described, 394-395 

Palmae, described, 394, 395 

Palmales, 394 

Panama, floras of, 297 

Panama-hat-palm family, described, 397 

PanaXy 643 

Pandoy 549 

Pandales, 440, 549 

Pandanaceae, described, 373-374 

Pandanales, described, 372 

PandanuSy 374 

PandoreGy 700 

Pangaea, 143 

PGngiumy 613 

Paniceae, 390 

Panicle, in inflorescence phylogeny, 60, 
61 

Panicuniy 389 


Papaver, 515, 516, 517 
Papaveraceae, alliance with Fumariaceae, 
518; described, 515-517 
Papaveroideae, 516 
Papaya, 618 
Papaya family, 617 
Papayineae, 597 
Paper bush, 626 
PaphiopedGluniy 434, 437 
Papilionaceae, 545, 547 
Papilionatae, 547 

Pappus, morphological nature of, 67 
Paradichlorbenzene, as an insecticide, 250, 
253 

Paratype, defined, 204 

ParianGy 389 

Parideae, 413, 415 

Parietal placentation, 76, 77, 78 

Parietales, 597 

PanetariGy 464, 465 

Paris code of nomenclature, 196 

Paris Convention, 198 

PGrishellGy 722 

Parkeriaceae, described, 351-352 

Parkin, J., 60 

ParmentierGy 699 

PGrnGssiGy 534 

Parnassiaceae, 534 

PGronychia, 437 

Parrotiaceae, 537 

Parsley, 646 

Parsnip, 646 

(pGrsonsia)y 628 

Parthenhinty 730 

Parthettocissusy 589 

Parti idgeberry, 713 

PGrvisedum, 531 

PGsaniGy 460 

PGspaluniy 389 

PGSsiflorGy 617 

Passifloraceae, described, 616-617 

Passion-flower family, described, 616 

Paste, for mounting specimens, 245, 246 

PGstmGCGy 646 

Passionales, 566 

Patchouly, 690 

PGtriniGy 711 

PaulliniGy 583 

PGiilowniGy 700 

PGuridiGy 417 

PaurotiSy 396 

Paviaceae, 582 

Pawpaw, 509 

Pawpaw family, 617 

Pax, F., 417, 419, 488, 513, 526 

PGyetiGy 663 

Pea, cow, 548; garden, 548; sweet, 548 
Pea family, described, 545 
Peach, 544 
Peanut, 548 
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Pear, 544 

Pearlbush, 544 

Pecan, 455 

Peck, M. E., 293 

Pedaliaceae, described, 700-701 

Pedicularis, 695, 696, 698 

Peganuniy 556 

Pelargoniuniy 551, 552 

Pelican flower, 473 

Pellaea, 350 

Pelleteria, 659 

Pellioniay 465 

PeltandrOy 398 

Pen and ink drawings, value of, 272, 273 

Penaeaceae, 624 

Pennant ta, 580 

Pennell, F. W., 55, 697 

Pennyroyal, 690 

PenstemoHy 695, 696, 697 

Pentaphyllaceae, 569 

PentaSy 712 

Penthoraceae, 532, 534 

Penthoruniy 532 

Pentodony 713 

Pentstemonacanthus, 708 

Peperomiay 445 

PepliSy 627 

Peponiferae, 717 

Pepper, 445; red, 694 

Pepper family, described, 444, 445 

Pepperbush family, described, 650 

Peppergrass, 521 

Pepperidge tree, 631 

(Perammm)y 436 

PereskiQy 621, 622, 623 

Pereskioideae, 623 

PereskiopsiSy 621, 623 

Perezia, 730 

Perianth, disposition of parts, 84; fusion 
and modification of, 84, 85; morphology 
of, 65-67 

Perigyny, significance of, 81 
Periodicals, abbreviations of titles, 308-317; 
American, 309; cultivated plants, 316, 
317; in Union list of serials, 309; lists 
of, 308-317; Old World, 313 316; on 
economic plants, 316 -317 
Periploca, 675 
Periplocoideae, 674 
Periwinkle, 673 
Perseay 512, 513 
Perseoideae, 513 
(Persicaria) y 476 
Peru, flora of, 298 
(Perularia)y 436 
PetalonyXy 619 

Petals, morphology of, 65-67 
Petasitesy 728, 730 
Petermanniay 421 
Petiveriay 482 


Petiveriaceae, 481 
Petreay 688 
Petrophytuniy 544 
Petrosaviaceae, 380, 413 
Petrosavieae, 413 
Petioselinuniy 646 
Petuniay 694 
Pfeiffer, N. E., 342 
Pfitzer, E., 435 
Phacelia, 682, 683 
PhalaenopsiSy 434, 437 
Pharhitis, 677 
Phareae, 389 

Pharmacognosy, importance to phylogeny, 
100 

PharitSy 387 
PhaseoluSy 548 
Phellodendrony 557 
Pheuakosperuiumy 426 
Phenotype, 17^* 

Pherosphaeroideae, 361 
PhiladelphuSy 533, 534 
Philesiaceae, 413 
(Philibertia)y 675 
Philipp lamrOy 485 
Philippine islands, flora of, 303 
Phillips, E. P., 483 
Phillyteay 667, 668 
Philodendroideae, 398 
Philodendrotiy 398, 400 
(Philotria)y 385 
Philydraceae, 402 
Phleuniy 390 
Phloxy 678, 679 
Phlox family, described, 678 
Pholidiay 710 
PholismUy 681, 682 
Pholistomay 683 
PhoradendroHy 471, 472 
Photineay 544 

Photographs, limitations of, 211-11 
PhoxanthuSy 584 
Phrymay 710 

Phrymaceae, 687, 668; described, 710 

Phrymineae, 676 

PhryniurHy 430 

Phyla, 687 

Phyllachne, 725 

Phyllanthoideae, 566 

Phyllanthus, 566 

Phyllitisy 350 

Phyllocladoideae, 361 

Phyllocladusy 361 

Phyllodocey 655 

Phylloglossuniy 337 

Phyllospadix, 311 

Phylogenetic classification, defined, 93: 
types, 93 

Phylogenetic considerations, in taxonomy 
92-108 
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Phylogenetic systems of classification, 33-* 
39 

Phylogeny, anatomy an integral part of, 
98; cytological contributions to, 99; de- 
fined, 92; evidence from seed characters, 
87; interrelationships with phytogeog- 
raphy, 141; paleobotanical contributions 
to, 97-98; pharmocological contributions 
to, 100, phytogeographic contributions 
to, 99; Sporne’s Advancement Index, 95 
Phylogeny of, angiosperms, 103 108; car- 
pels and gynoecia, 72 75; floral struc- 
tures, 64-88; Gnetales, 104 105; gym- 
nosperms, 102 103; inflorescences, 59- 
64; ovary positions, 81; perianth parts, 
66-67, 84 85; pteridophytes, 101-102; 
stamens, 67 72 
Phylum, 44 
Phymatodes, 350 
Physalis, 694 

Physiographic areas, significance of, 154, 
157-158 

Physiographic provinces of North America, 
153-157 

Physiographic units, as basis of floras, 277, 
278 

Physiology, significance to phylogeny of 
major units, 100 101 
PhysocarpuSf 544 
Physopsis, 686 
Physostegia, 691 
Fhysurus, 436 
Phytelephas, 396 
Phyteuma, 721, 722 

Phytochemical studies and phylogeny, 100 - 
101 

Phytogeography, age and area, 160-161; 
barrier factors, 149-150; Cain’s prin- 
ciples of, 158 160; centers of area, 164- 
165; cytogenetic criteria, 165; discon- 
tinuous distributions, 163, 164; distribu- 
tion factors, 149 150; dynamic, 158- 
165; endemism, 164; epibiotics, 164; 
evolution of floras, 163; Good’s floristic 
zones, 152 153; Good’s theory of 
tolerance, 161-162; Guppy’s theory of 
differentiation, 161; Hansen’s floristic 
zones, 153; importance to taxonomy, 
162, 163; migration and evolution, 163; 
polytopism, 164; role in phylogeny, 99- 
100; senescence, 165; significance of 
barriers, 149-150 
Phytolacca, 482 

Phytolaccaceae, described, 481-482 

{Piaropsis), 411 

Picea, 363, 364 

Pichon, M., 383, 384, 409 

Pickaback plant, 464 

Pickerel-weed family, described, 410 

Picramnia, 559 


Picrasma, 559 
Pieris, 654 
Pilea, 465 

Pilger, R., 60, 357, 359, 360, 364, 366 
367 

Pilostyles, 474 
Pilularia, 353 
Pimelea, 626 
Pimenta, 634 

Pinaceae, described, 363, 364 
Pinckney a, 713 

Pine, 364; ground, 338; Princess, 338 
umbrella, 366 

Pine family, described, 363, 364 

Pineapple family, described, 405 

PtngHicula, 705, 706 

Pinguiculariaceae, 705 

Pink family, described, 486-487 

Pinkroot, 670 

Pinus, 363, 364 

Piper, 445 

Piper, C. V. 293 

Piperaceae, described, 444, 445 

Piperales, described, 443 

Pipewort family, described, 404 

Pipsissewa, 652 

Piqueria, 730, 731 

Pirolaceae, 651 

Pistachio, 574 

Pistacia, 574 

Pistia, 399, 400 

Pistioideae, 398 

Pistil, defined, 72; morphology of, 72 -75 

Pisum, 548 

Pita floja, 407 

Pitcairma, 406, 407 

Pitcairnioideae, 405, 407 

Pitcher-plant family, described, 527 

Pithecolohium, 547 

Pittendrigh, C. S., 407 

Pittosporaceae, described, 535 536 

Pittosporum, 535, 536 

{Pityothamnus), 509 

Pityrogramma, 351 

Placea, 418 

Placenta, defined, 74, 75 
Placentation types, derivation of, 75-79 
Plagiobothrys, 685 
Planera, 462 

Plane-tree family, described, 539 
Plant distribution: see phytogeography 
Plant geography: see phytogeography 
Plant identification, 223 232 
Plant kingdom, classification of, 324 
Plantaginaceae, described, 710, 711 
Plantaginales, described, 710 
Plantago, 711 

Plastics, use in mounting specimens, 246 
Platanaceae, described, 539 540 
{Platanthera) , 436 
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Platanus, 370, 540 
Platycarya^ 453, 455 
Platyceriunty 350, 351 
Platycodotty 721, 722 
(Platypus), 436 
Platystemon, 515, 516 
Platystemoneae, 515 
Plectntis, 716 
Plenodendron, 611 
Pleuranthe, taxonomy of, 436 
Pleuncospota, 651 
Pleurogyne, 670 
Pleuromeiales, 342 
(Pleuropteropyrum) , 476 
Pleurothallis, 436 
(Plexia), 436 
/ liichea, 730 

Plum, 544; Kaffir, 574; marmalade, 663; 

Natal, 673 
Plumariaceae, 675 

Plumbaginaccae, described, 661-662 
Plumbaginales, described, 660 
Plumbago, 661 
Plume poppy, 517 
Plumeria, 673 

Plum-yew family, described, 362 

Poa, 389 

Poaceae, 387 

Poacyiium, 673 

Poales, 386 

Podandrogyne, 518, 520 
Podocarpaceae, described, 361 
Podocarpoideae, 361 
Podocarpus, 361 
Podophyllum, 501, 502 
Podostemaceae, allied to Rosales, 530; de- 
scribed, 466 

Podostemales, described, 465, 466 

Podostemonaceae, 465 

Podostemonales, 465 

Podostemum, 465, 466 

(Podostigma), 675 

Pogogyne, 691 

Pogoma, 436 

Pogostemon, 690 

Poinscttia, 566 

Poison hemlock, 646 

Poisoning herbarium specimens, 251-'252 

Pokeweed family, described, 481 

Folansia, 519, 520 

Polemoniaceae, described, 678-679 

(Polemoniella) , 678 

Polemonium, 678, 679 

Pollard, C. L., 508 

Pollen grains, morphology of, 71; smear 
preparations, 71 

Pollen sterility, role in phytogeny, 106 
Pollinia, 71 
Polunin, N., 216 
Polyalthia, 509 


Polycarpon, 488 

Polychondreae, taxonomy of, 436 
Poly gala, 546 

Polygalaceae, described, 563 565 
Polygalales, 564 
Polygalineae, 549 
Polygonaceae, described, AlS-All 
Polygonales, described, 474 
Polygonatum, 414, 416 
Polygonella, 475 
Polygonum, 475-476 
Polynesia, floras of, 303 
Polyosma, 534 
Polyphylesis, 164 
Polyploidy, 174, 175 
Polypodiaccae, described, 349 351 
Polypodiwn, 350 
Poh'pompliolix, 706 
Polvpremum. 669, 670 
Polypteiis, 72ft 
Polyrrhiza, 4^6 
Polyscias, 64 
Polystachya, 436 
Polystichum, 349, 350, 351 
Polytopism, 164 
Pomaceae, 543 
Pomaderns, 588 
Pomegranate, 629 

Pomegianate family, desciibed, 628 
Pomoideae, 543 
Poncirus, 557 
Pondweed, Cape, 379 
Pondwced family, described, 376 
Pontedena, 411 

'^Pontederiaceae, described, 410 411 
Pontederieae, 411 
Ponthieva, 436 
Pool, R. J., 235, 386 
Popenoe, W., 322 

^*oppy, blue, 517; bush, 517; California, 
517; celandine, 517; Iceland, 517; orien- 
tal, 517; prickly, 517; Welsh, 517 
Poppy family, described, 515 
Poppy mallow, 594 
Populus, 477, 448 
Porana, 676, 677 
Poranthoroideae, 566 
Porlieria, 556 
Porterella, 722 
Portulaca, 484, 485 

'^Portulacaceae, described, 484 485 
Portulacaria, 485 
Posidonia, 377 
Posidonieae, 377 
Post, G. E., 300 
Pot Marjoram, 690 
Potamogeton, 376, 377 
Potamogetonaceae, described, 376-378 
Potamogetonales, 376 
Potamogetoneae, 377 
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Potato, 694 
Poteniillaf 543, 544 
Poteriaceae. 543 
Poteridium, 544 
Poterium, 544 
Pothoideae, 398 
PothoSf 400 
Pouteria, 663 
Prairie gentian, 671 
Pratia, 722 
Premna, 687 

Preparation of specimens, 235, 236, 237 
Prescottia, 436 

Preserving solutions, formulas for, 254, 
256 

Pressing plant materials, 238-240 
Prickly ash, 557 
Prickly pear, 623 
Prickly poppy, 517 
Prickly thrift, 6b2 

Primitive versus advanced characters, 94, 
95 

Primitiveness of, monocots versus dicots, 
107; woody versus herbaceous character, 
106-107 
Primula, 659 

Primulaceae, described, 658-660 
Primulales, described, 656 
Primrose, Cape, 705 
Prince’s feather, 480 
Prince’s pine, 652 
Princess pine, 338 
Principes, described, 394 
Pritzel, G. A., 306, 327 
Priva, 687, 688 
Privet, 668 
Probiscidea, 701, 702 
Proserpinaca, 641 
Prosopsis, 547 
Prostantheroideae, 690 
Proteaceae, described, 467-468 
Proteales, described, 467 
Protium, 560 
Prune, 544 
Prunella, 690 
Prunoideae, 543 
Prunus, 543, 544 
Pseuderanthemum, 709 
Pseudolanx, 364 
Pseudophoenix, 396 
Pseudosolaneae, 696 
Pseudotsuga, 363, 364 
Psidium, 634 

Psilophytales, era of, 145-146 
Psilopsida, 355 

Psilotaceae, described, 339-340 
Psilotales, 339-340 
Psilotineae, described, 339 
Psilotum, 340 
Ptelea, 557 


Pteleaceae, 556 
Pteridaceae, 349 
Pteridium, 350 
Pteridophyllum, 516 

Pteridophyta, described, 334, 335; paleo- 
botany of, 101-102; phytogeny of, 101, 
102 

Pteridospermae, 355; inflorescences of, 
61; ovule arrangement, 61; phyletic im- 
portance of, 103-105 
Pteris, 349 
Pterocarya, 453, 455 
Pterocephalus, 717 
Pteropsida, 355 
Pterspora, 651 
Pterostegia, 475 
Pterostyrax, 666 
Pnlotus, 479 

Publication dates, sources of, 327 328 
Publication of botanical names, 206, 207 
Pulle, A. A., 94, 114, 124, 298; system of 
classification, 122, 123 
Pulmonaria, 685 
Pulque, 420 
(Pulsatilla), 498 
Pumpkin, 720 
Punica, 629 

Punicaceae, described, 628 629 
Puri, V., 514, 516, 519, 520, 521, 525, 526, 
616 

Pursh, F., 26 
Purshia, 544 

Purslane family, described, 484 
Puya, 407 

Pycnanthemum, 691 
Pycnostachys, 690 
Pyracantha. 544 
Pyrenaceae, 686 
Py rethrum, 730 
Pyrola family, described, 651 
Pyrolaceae, described, 651-652 
Pyrolirion, 420 
Pyroloideae, 651 
Pyrostegia, 700 
Pyridaria, 470 
Pyrus, 544 

Pyxidanthera, 648, 649 

Quamoclit, 676, 677 
Quassia family, described, 558 
Queensland nut, 468 
Quercus, 459, 460 
Quick-freezing of flowers, 256 
Quiinaceae, 597 

Quillwort family, described, 341-342 

Quimby, M. W., 532 

Quince, 544; flowering, 544 

Quinine, 713 

Quisqualis, 633 

Quisumbing, £., 257 
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Race, a taxonomic unit, 56; edaphic and 
biotic, 177 

Raceme, in inflorescence phylogeny, 61 

Radiola, 553 

Radish, 521 

Raffia, 396 

Raffle sia, 474 

Rafflesiaceae, described, 474 
Rafinesque, C. S., 49 
Ragweed, 730 
(Raimannia), 638 
Raisin tree, 588 
Raisz, E., 323 
Ramie, 465 
Ramischia, 651 
Ramonda, 704, 705 
Ramontchi, 614 
Ranales, described, 489 
Ranalisma, 382, 383 
Randolph, L. F., 390 
Randoma, 524 

Ranunculaceae, described, 496-500 
Ranunculineae, 489 
Ranunculus, 496, 497 
Rapanea, 658 

Rapataceae, 402; allied to Bromeliaceae, 
407 

Raphanaceae, 520 
Raphanus, 521, 522 
Raspberry, 544 
Rastall, R. H., 143 
Ratibida, 730 
Rattenbury, J. A., 188 
Raunkier, C., 158 
Rautanenia, 382 
Ravenala, 426 
Ray, J., 17, 18, 27, 28 
Reaumurieae, 607, 608 
Receptacular theory, of ovary position, 79- 
80 

Record, S. J., 98 
(Rectanthera), 409 
Red pepper, 694 
Red squill, 416 
Red valerian, 716 
Redbud, 548 
Redoute, P. J., 29 
Redwood, 366 

Reeves, R. G. and Bain, D. C., 294 
Regel, E., 42 
Regnelledium, 353 

Rehder, A., 224, 306, 322, 326, 447, 450, 
457, 500, 506, 547, 588, 601, 687 
Reiche, K. F., 298 
Reichenbach, H. G. L., 632 
Reichert, E. T., 100 
Reinwardtia, 553 

Rendle, A. B., 37, 86, 95, 121, 326; system 
of classiflcation, 37, 120, 121; see also 
note, p. 777 


Renealmia, 428 

Repellents for herbarium beetles, 253 
Reproductive elements in taxonomy, 64- 
88 

Reproductive organs, taxonomic im- 
portance of, 64 
Reseda, 370, 525 
Resedaceae, described, 524-525 
Resedineae, 514 

Restionaceae, 402, 403; in Glumiflorae, 386 
Resurrection plant, 339 
Reussia, 411 

Review serials, list of, 307 
Revision, defined, 304, 305 
Revisions, preparation of, 264-274 
Reynosia, 588 
Rhacoma, 577 

Rhamnaceae, described, 587-588 
RhamnaleSs 587 
Rhamnui, 588 
RhapidophyLum, 396 
Rheedta, 603, 604 
Rheum, 476 
Rhexta, 636 
Rhinanthacect, 695 
Rhinanthoideae, 696 
Rhipsalis, 622, 623 
Rhtzophora, 629, 630 
Rhizophoraceae, described, 629, 630 
Rhodiola, 531 
Rhodochiton, 695 
Rhododendroideae, 654 
Rhododendron, 652, 653, 654 
Rhodoraceae, 652 
Rhodotypos, 544 
Rhoeadales, described, 514 
Rhoeadineae, 514 
Rhoeo, 408, 409 
Rhoipteleaceae, 453, 461 
Rhubarb, 476 
Rhus, 573, 574 
Rhynchospora, 392 
Rhynchosporaceae, 393 
Rhynchosporoideae, 393 
(Rhynchophorum) , 445 
Ribes, 533, 534 
Rice, 391 
Rice flower, 626 
Rice-paper plant, 643 
Ricinocarpoideae, 566 
Ricinus, 565 
Ricker, P. L., 236, 256 
Rickett, H. W., 59-63, 634, 642, 648; on 
inflorescences, 59 
Ridgway, R., 329 
Riedlea, 596 
Riesenbachia, 639 
Rigiopappus, 728 
Rinorea, 612 

River weed family, described, 466 
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Rivinay 481 
Rivinus, A. Q., 23 
Robins, W. W., 322 
Robinson, B. L., 170 
Roble bianco, 700 
Robyns, W., 302 

Rochester code of nomenclature, 197 
Rock cress, 521 
Rock, J. F. C., 303 
Rocket, 521 

Rock-rose family, described, 608 

Rocky Mountain province, 157 

Rodway, L., 303 

Roeper, J., 59 

Rolfe, R. C., 435 

Rollinia, 509 

Rollins, R. C., 256 

Romney a, 516 

RomuleOf 424 

Roridulaceae, 530 

Rosaceae, synopsis to subfamiRes of, 543 
^ Rosales, described, 530 
Kosmarinus^ 690 
Rosa, 542, 543, 544 
Rosaceae, described, 541, 543 
Roscoea, 428 
Rose, wood, 677 
Rose apple, 634 

Rose family, described, 541, 543 

Rose moss, 485 

Rose of sharon, 594 

Rosemary, 690 

Rosineae, 530 

Rosoideae, 543 

Rotala, 627 

Royal poinciana, 548 

Roystonea, 396 

Rubacer, 545 

Rubber, 566 

Rubber vine, 675 

Rubia, 713 

Rubiaceae, described, 712-713 
Rubiales, described, 711 
Rubus, 542, 543, 544 
Rudbeck, O., 18 
Rudbeckia, 730 
Rue, common, 557 
Rue family, described, 556 
Ruellia, 708, 709 

Rules of nomenclature, see Nomenclature 

Rum, 391 

Rumex, 475 

Rupicapnos, 518 

Ruppia, 377 

Ruscaceae, 413 

Rush family, described, 412 

Rusinae, 415 

Russelia, 697 

Ruta, 557, 

Rutabaga, 521 


Rutaceae, described, 556-558 
Rutgers, F. L., 88 

Rydberg, P. A., 170, 293, 294, 377, 386, 
681 

Rye, 391 

Sahal, 396 
Sabatia, 670 
Sahia, 584 

Sabiaceae, described, 584 
Sabiineae, 569 
Sacaline, 476 
Saccado, P. A., 327 
Saccharum, 391 
Safflower dye, 730 
Saffron, 424 
Sage, 690 
Sager etia, 588 
Sagma, 487 
Sagittaria, 382, 383 
Sahni, B., 98, 105 
Saintpaulia, 704, 705 
Sake, 391 

Salacia, 578 . 

Salicaceae, described, 447-448'^ 

Salicales, described, 446 
Salicariaceae, 627 
Salicornia, 477, 478 
Salicornioideae, 478 
Sal:x, 447, 448 
Salpiglossideae, 694 
Salpiglossis, 694 
Salsify, 730 
Sahola, 477, 478 
Salsoloideae, 47 » 

Salvadoraceae, 569, 667 
Salvia, 689, 690 
Salvinia, 354 

Salviniaceae, described, 353-354 
Samhucus, 713, 714, 715 
Samolus, 659 
Sampaio, G., 300 
Sand verbena, 481 
Sandalwood, 471; false, 462 
Sandalwood family, described, 469 
Sandwort, 488 
Sangumaria, 516 
Sanguisorha, 541, 544 
Sanicula, 646 
Sanidophyllum, 605 
Sanseviera, 413 

Santalaceae, described, 469-471 
Santalales, described, 468 
Santalineae, 468 
Santalum, 471 
Sanvitallia, 728 

Sapindaceae, described, 583-584 
Sapindales, 568, 569 
Sapindus, 583, 584 
Sapodilla, 663 
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Sapotaceae, described, 662-664 
Sapote, 663 
Sapotineae, 662 
Saracha, 694 
SararanyCy 374 
Sarcobatoideae, 478 
Sarcohatus, 477 
SarcocaiiloHy 551 
Sarcocephaliis, 712 
Sarcococca, 570 
Sarcodes, 651 
Sarcopodiaceae, 368 
Sarcopus, 368 
Sarcostemma, 675 
Sargentodoxa, 500 
wSargentodoxaceae, 500 
Sarothra, 605 
Sarracema, 527 

Sarraceniaceae, described, 527-528 
Sarraceniales, described, 527 
Saruma, 473 
Sassafras, 512, 513 
Satureja, 690 

Saunders, E. R., theory of carpel poly- 
morphism, 65, 516, 521 
Saurauia, 599, 600 
Saurauiaceae, 599 
Saururaceae, described, 444 
Saururus, 444 
Sausage tree, 700 
Sauvagesia, 601 

Savage, S., catalogue of Linnaean her- 
barium, 328, 329 
Savory, 690 
Sax, K., 462 
Saxegotheca, 361 
Saxiiraga, 533, 534 
Saxifragaceae, described, 533-535 
Saxifragineae, 530 
Scahiosa, 717 
Scaevola, 723, 724 
Schaeffeiia, 577 
Schaffner, J. H., 294 
Schellenberg, G., 469 
Schery, R. W., 270 
Scheuchzeria, 380 
Scheuchzeriaceae, described, 379 
Schiekia, Ail 
Schmopsis, 574 
Schinusy 574 
Sckisandray 506 

Schisandraceae, 504; described, 506-507 
SchizaeOy 346 

Schizaeaceae, described, 345-346 
(Schizandra) y 507 
Schizandraceae, 506 
Schizanthusy 693, 694 
^^chizocarditty 650 
Schizonotusy 544 
SchizopepoHy 718 


Schlechter, R., 435, 436, 437 
SchmaltziOy 574 
Schneider, C., 322 
Schoepfiay 469 
Schouw, J. F., 153 
Schratikiay 547 
Schultes, R. E., 240 
Schwartz, O., 411 
Schweinitz, L. D., 26 
Sciadopityoideae, 366 
SciadopitySy 365, 366 
Scillay 413, 416 
Scindapsusy 400 
Scirpoideae, 393 
Sarpusy 392, 393 
Scitaminales, 425 

«^Scitamineae, 411; described, 425 
Scleranthusy 487 
ScleriOy 392 
Sclerieae, 393 
ScoloyopuSy 413 
Scopidophiloy 488 
Scorpioid cyme, origin of, 61 
Scouting rush family, described, 336, 337 
Screw-pine family, described, 373, 374 
Scrophulana, 695 

Scrophulariaceae, described, 695-697 

Scutellariay 688, 690, 691 

Scylopetalaceae, 590 

Scytopetalineae, 590 

Sea buckthorn, 627 

Sea grape, 476 

Sea holly, 646 

Secaky 391 

Secamoncy 674 

Sechiuniy 719, 720 

Section, a unit of classification, 50 

Securidaca, 564 

Sedaceae, 530 

{S€della)y 531 

Sedge family, described, 392 
Sedoideae, 532 
Seduifiy 531 

Seeds, taxonomic value of, 87 
Seibert, R. J., 698 
Selaginaceae, 696 
Selagineae, 696 
Selaginellay 339 

Selaginellaceae, described, 338-339 

Selaginellales, 338, 339 

SelagOy 696 

Semecarpusy 574 

Semibegoniellay 621 

Sempervivoideae, 532 

Sempervivunty 531 

SeneciOy 728, 730 

Senecioneae, 730 

Senescence, 165 

Senn, H. A., 162, 165, 181 

Senna, 548 
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Sepals, morphology of, 65-67 
Sequoia, 365, 366 
Sequoiadendron, 365, 366 
(Serapias), 436 
Serenoa, 396 
Serials, lists of, 308-317 
Sericotheca, 544 

Series, a unit of classification, 50 

Serissa, 713 

Serjania, 583 

Sesame oil, 701 

Sesamum, 701 

Sesuvium. 483 

Setaria, 390 

Sexual arrangements, in flowers, 82-84 

Seymeria, 695 

Sharp, A. J., 257 

Shell ginger, 428 

She-oak, 443 

Shepherdia, 626, 627 

Sherborn, C. D., 328 

Shinleaf, 652 

Shortia, 649 

Shrimp plant, 709 

Sial, 142 

Sibhaldia, 544 

Sibhaldiopsis, 544 

Sicana, 720 

Sicyoideae, 719 

Sicyos, 719, 720 

Sicyosperma, 719 

Sida, 593 

Sidalcea, 593, 594 

Siebert, A. and Voss, A., 322 

Sieversia, 544 

Silene, All, 488 

Silphium, 730 

Silver bells, 666 

Silver-lace vine, 476 

Silybum, 728 

Sima, 142 

Simarouba, 558, 559 

Simaroubaceae, described, 558-559 

(Simaruba), 558 

Simarubaceae, 558 

Simmondsia, 570 

Simpson, G. G., 172 

Sinningia, 704, 705 

Sinnott, E. W., 106, 164 

Sinnott, E. W. and Bailey, I. W., 106 

Siparuna, 511 

Siphocampylus, 721, 722 

Siphocodon, 721, 722 

Siphonella, 678 

Siphonoglossa, 708 

Sisal, 420 

Sisymbrium, 521 

Sisyrincheae, 424 

Sisyrinchium, 422, 424 

Skottsberg, C., 94, 114, 136; system of 


classification, 124 
Skullcap, 691 
Sladema, 599 
Slipperflower, 697 
Slippery elm, 462 
Sloan, H., 25 
Sloanea, 591 
Sloeberry, 544 

Small club moss family, described, 338- 
339 

Small J., 726, 730 

Small, J. K., 170, 296, 371, 375, 381, 386, 
417, 427, 431, 484, 498, 529, 550, 564, 
623, 652, 723 
Smilacaceae, 413 
Smilax, 413 

Smith, A. C., 219, 230, 231, 493, 494, 504, 
505, 506, 579 

Smith, A. C. and Standley P. C., 652 

Smith, A. C., and Wodehouse, R. P. 510 

Smith, F. H., 469, 570 

Smith, G. G., 243 

Smith, G. H., 38, 139 

Smith, J. E., 26 

Smith, L. B., 407 

Smith, W. W., 174 

Smithiantha, 705 

Smoke tree, 574 

Snake gourd, 720 

Snapdragon, 697 

Snell, R. S., 393 

Snow wreath, 544 

Snowberry, 715 

Soapberry, 584 

Soapberry family, described, 583 
Sodium silicate, for preserving dissections, 
257 

Soil maps, 325; use of, 268 

Solanaceae, described, 693-695 

Solandra, 694 

Solaneae, 694 

Solanineae, 676 

{Solanoa), 675 

Solanum, 694 

Soldanella, 659, 660 

Solereder, H., 670 

Solidago, 728, 730 

Sollya, 536 

Sonchus, 728 

Sonerila, 636 

Sonneratiaceae, 624 

Sorbus, 544 

Sorghum, 390 

Sorrel tree, 654 

Sour-gum tree, 631 

Soursop, 509 

South Africa, floras of, 301-302 
South America, floras of, 297, 298 
Southwestern U. S., floras of, 296 
Soybean, 548 
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Spadiciflorae, of Wettstein, 431 
Spanish lime, 584 
Spanish moss, 407 
Sparattant helium, 514 
Sparganiaceae, described, 374 375 
Sparganium, 315 
Sparmannia, 591 
Spathiflorae, described, 398 
(Spathiger), 436 
Spathodea, 698, 700 

Species, a unit of classification, 50, 51, 52, 
53; delimited by biosystematic criteria, 
181, 182 

Species lectotypicae, 204 
Species names, conservation of, 200, 202, 
206; decapitalization of, 202, 216, 219 
Specimens, herbarium: see under Her- 
barium Techniques 
Specularia, 721, 722 
Speedwell, 697 
Spergula, 487 
Spergularia, 487 
Spermatophyta, 354-355 
Sphaeralcea, 593 
Sphaerocephalum, 611 
{Sphaerostigma), 638 
Sphenophyllales, 336 
Sphenopsida, 337, 355 
Spider flower, 520 
Spiderwort family, described, 408 
Spigelia, 669, 670 
Spigeliaceae, 669 
Spikelet, described, 387-389 
Spinach, 478; New Zealand, 484 
Spinacia, 478 
Spiraea, 542, 543, 544 
Spiraeaceae, 543 
Spiraeoideae, 543 
Spiranthes, 435, 436, 437 
Spirolobeae, 478 
Spirodela, 401 
(Spironema), 409 
Spondiaceae, 573 
Spondias, 574 
Sporne, K. R., 95 
Sporobolus, 389 

Sprague, T. A., 93, 200, 201, 204, 206, 479, 
558, 601, 637, 640, 651 
Spraguea, 485 
Sprctigel, C., 42, 45 
Spurge family, described, 565 
Spyridium, 588 

Square degree, a basis of area for floras, 
111 

Squash, 720 

Squirting cucumber, 720 
Stachyosporous theory, summary of, 105- 
106 

Sta 'hys, 689, 690, 691 
StOihytarpheta, 687 


Stachyuraceae, described, 614-615 
Stachyurus, 615 
Stackhousiaceae, 569 
Staff-tree family, described, 576 
Stamen, defined, 67 

Stamens, centrifugal, 69 -70; morphology 
of, 67-72; types of, 71 
Standley, P^. C., 296, 297 
Stangeria, 356, 357 
Stangerioideae, 357 
Stanleya, 522 
Stapeha, 674; 675 
Stapf, O., 500 
Staphylea, 579, 580 
Staphyleaceae, described, 579-580 
Star apple, 663 
Statice, 661 
(S tat ice), 661 
Stauntonia, 500 

Steam, W. T., 55, 326, 328, 329 
Stebbins, G. L. Jr., 52, 164, 176, 178, 179, 
184, 366 

Stcenis, C. G. G. J. van, 303 
Steere, W. C., 216 
Stegnosperma, 4S1 
Steironema, 659 
Stelechocarpus, 508 
Stellaria, 487, 488 
Stellariopsis, 544 
Stelophyta, 355 

Stemen, T. R. and Myers, W. S., 294 
Stemmodenia, 673 
Stemodia, 697 
Stemonaceae, 411 
Stenandrium, 708 
Stenolobium, 699, 700 
Stenomerideae, 421 
Stenophyllus, 392 
Stenorrhynchus, 436 
Stenotaphrum, 391 
(Stenotus), 728 
Sterculia, 596 

Sterculiaceae, described, 596-597 
Sterility barriers, determination of, 180; • 
significance of, 182, 183 
SteudePs Nomenclator botanicus, 195, 196 
Stevia, florist’s, 731 
Steyermark, J., 243 
Stewartia, 602 
Stigmaphyllon, 562 
Stilbaceae, 688 
Stilbe, 687 
Stizolobium, 548 
Stockholm Congress, 201 
Stocks, 521 
Stokesia, 728, 730 
Storax, 538 

Storax family, described, 666 
Stork’s-bill, 552 
Stramonium, 694 
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^trasburgeriaceae, 597 
Strawberry, 544 
Strawberry tomato, 694 
Strawflowers, 731 
Htrelitzia, 426 
Strelitziaceae, 426 
Strelitzioideae, 426 
Streptanthusy 521 
Streptocarpusy 705 
Streptosoleny 694 

Strobiloideae, families of, 128, 129 
Strychnine, 670 

Strychnosy 669, 670 ' 

(Stuartia)y 603 

Stylidiaccae, described, 724-725 
Stylidiuniy 724, 725 
Stylodofty 687 
Stylomecony 516 
Stylophoruniy 516, 517 
StypheltOy 651 
Styracaceae, described, 666 
Styracales, 662 
StyraXy 666 * 

SuaedQy 477, 478 
Suaedoideae, 478 

Subdivision, a unit of classification, 45 
Suborder, a unit of classification, 46 
Subspecies, concepts of, 54, 55 
Subtribe, a unit of classification, 47 
Subtribes, nomenclature of, 206 
SuccisQy 111 

Succulent material, housing in herbaria, 
254, 255 

Sugar, 391; from beets, 478 
Sullivantiay 534 
Sumac, 574 

Sundew family, described, 528 

Sunflower, 731 

Superior ovary, defined, 79 

Supplejack, 588 

SurianQy 558, 559 

Surinam cherry, 634 

Sussenguth, K., 681 

Suttomoy 658 

Svenson, H. K., 23, 24 

Swamp cypress: see Taxodium 

Swamy, B. G. L., 435 

Swamy, B. G. L. and Bailey, I. W., 495 

Sweet alyssum, 521 

Sweet clover, 548 

Sweet gale family, described, 450 

Sweet pea, 548 

Sweet pepperbpsh, 650 

Sweet potato, 677 

Sweetleaf, 665 

Sweetsop, 509 

Swertiay 671 

SwietemOy 561 

Swiss chard, 478 

Sycamore, 540 


Syllabus, 733-736 
Symbegonia, 621 
Symbryorty 445 
Sympetaleitty 618, 619 
Symphoremaceae, 688 
Symphoricarposy 715 
SymphyandrOy 722 
Symphytuniy 684, 685 
Symplocaceae, described, 665 
Symplocarpusy 398 
SymplocoSy 665 
Sympodial inflorescences, 162 
Synanthae, described, 397 
SynaptantherOy 712 
(Syndesmon)y 498 
Syngonanthusy 405 

Synopsis, defined, 225; to classes of 
Pteridophyta, 335; to orders of Dicolyle- 
doneae, 439 -442, Gymnospermae, 356, 
Monocotyledoneae, 372; to subfamilies 
of Leguminosae, 545, Rosaceae, 543 
Synthynsy 698 
Syntype, defined, 204 
Syringa, 667, 668 
Systematic botany, 2 
Systems of classification, 114-139 
Systems of classification, based on form 
relationship, 26-33; habit, 14-18; num- 
bers or sexual arrangements, '• phy- 
togeny, 33 39 
Syzygiuniy 634 

TabebmOy 699, 700 
Taccaceae, 411 

Tack holm, V and Drar, M., 302 

{Tacsonia)y 617 

Tagetesy Illy 730 

TaiwamOy 365 

TalaumOy 504 

TalinopsiSy 485 

Talmuniy 485 

Talisiay 583 

Tamacaceae, 421 

Tamaricaceae, described, 607-608 

Tamariceae, 607 

Tamaricineae, 597 

Tamanx, 607, 608 

TamuSy 422 

Tanacetunty 730 

Tangerine, 557 

Tannic acid, 574; source of, 460 
Tapioca, 566 
Tara vine, 599 
TaraktogenoSy 614 
Taraxacuniy 728 
Taro, 400 

Tasmania, flora of, 303 
Tate, R., 303 

Tautonomy, examples of, 215; illegitimate, 
215-216 



INDEX 


819 


Taxaceae, described, 360 
Taxales, 360 

Taxodiaceae, described, 365-366 
Taxodineae, 364 
Taxodioideae, 366 
Taxodium, 365, 366 

Taxon, adoption of in Rules of nomencla- 
ture, 201; origin and definition of term, 
53 

Taxonomy, alpha, 171; descriptive, de- 
fined, 170; experimental, 171-172; in- 
terrelationships with allied sciences, 5; 
modern, 171-172; objectives of, 6-8; 
opportunities in, 10-12; principles of, 
42 91; problems of, 8-10; scope of, 3-5; 
significance of, 7 
1 axui, 360 
Taylor, H., 667 
Taylor, N., 377 
Tea bush, 588 
Tea family, described, 601 
Teak, 688 

Teasel family, described, 717 
Techniques: see Herbaiium Techniques 
{Tecoma)j 699 
iccomeae, 699 i 
T ecophilaeaceae, 415, 419 

Tei'tnna, 686 , 688 

'' * ochans, 384 

Tt. is, morphology of, 66 
lephrosia, 548 
Tequila, 420 
Terebintaceae, 573 
Terebinthaceae, "'68, 573 
1 eiebinthales, 557, 568 
1 erminaha, 633 
Ternstroemia, 602 
Ternstroemiaceae, 601 
T cssarandra, 667 

T«t> ncentraceae, described, 493, 494 

Tetracentron, 493 

Teiracera, 598 

Tetraclea, 687 

TetracUmSj 366 

Teiragonia, 483, 484 

Tetragoniaceae, 482 

Tetrameles^ 620 

Tetramerium^ 708 

Jetrapanax, 643 

Tetratheca, 563 

Fetrazygia, 636 

Tetronciunty 380 

Teucrium, 689, 690, 691 

Thalassitty 385, 386 

{Thalesid), 703 

ThaliOy 430 

Thalict runty 496, 497, 498 
Thallophyta, 334 
Thaspiunty 646 
Theoy 602 


Theaceae, described, 601-603 
Theineae, 597 
Thelygonaceae, 624 
Thelypodiunty 521 
Theobromoy 596 

Theophrastaceae, described, 657 

Theophrastus, 14-15 

ThespesiOy 593 

Thevetia, 673 

ThismiOy 432 

Thismiaceae, 432 

Thismieae, 432 

Thistle, globe, 731 

ThladianthOy 718 

Thlaspiy 521, 522 

Thomas, H. H., 98 

Thomashy 596 

Thommen, E., 358 

Thrift, 661 

ThrinaXy 395, 396 

Thryalisy 562 

Thujoideae, 367 

Thujopsisy 366 

Thunberg, C. P., 25 

Thunbergiuy 707, 708, 709 

Thurniaceae, 402; in Glumiflorue, 386 

Thyme, 690 

Thymelaeaceae, described, 625-626 

Thymelaeineae, 624 

ThymeleUy 626 

Thymusy 690, 691 

Tibouchinay 636 

Tidestiom, I., 295 

TidestromiUy 479 

Tigrideae, 424 

Tigridia, 424 

TiliOy 591, 592 

Tiliaceae, described, 591-592 

Tiliales, 590 

Tillaea, 531 

Tillaeastrunty 531 

Tillandsiay 406, 407 

Tillandsioideae, 407 

Tillson, A. H. and Bamford, R., 557 

Timotociay 688 

Tinantitty 409 

(Tiniaria)y 476 

Tippo, O., 98, 107, 114, 115, 138 139 
443, 454, 458, 460, 461, 463, 537, 538 
540; diagram of system, 138; system of 
classification, 38, 39 
TipulariQy 436 ^ 

{Tissa)y 487 
Tithonitty 728, 730 
{Tithymalus) y 566 
Tmesipterisy 340 
Tobacco, 694 
Todeoy 345 
Tofieldieae, 415 
Tolmietty 533 
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Tomato, 694 
Tonielea, 578 

Topographic maps, kinds and sources of, 
323, 324 

Topotype, defined, 205; importance of, 
268 

Torch flower, 428 
Torchwood family, 559 
ToreniOf 696, 697 
Torrey, J., 26, 49 
TorreyOt 360 
TorricelUOy 647 

Tournefort, J. P., 17, 18, 27, 42, 48 
Tournefortia, 684 
(Tovara)y 476 
Toxicodendrorty 574 
Trachelospermunty 673 
Tiacheophyta, 355 
Trachomituniy 673 
Trachymeney 645, 646 
{Tradescantella) y 408, 409 
TtadescantiOy 408, 409 
Tradescantieae, 409 
TragiOy 566 . , 

Tragopogoriy 728, 7^ 

Tragus, H., 15 
I'railing arbutus, 654 
TrapOy 636 

Trapaceae, described, 636-637 
T rape day 701 
Trautvetteriay 498 
Traveler’s-palm, 427 
TravelerVtree, 427 
Trefoil, bird’s-foot, 548 
Tremandraceae, described, 563 
Triadenurriy 605 
Trianthemay 483 

Tribe, a unit of classification, 47; nomen- 
clature of, 206 
TrihuluSy 556 
Tnchihay 561 
TrichomaneSy 347, 348 
T richosanthesy 719, 720 
{Trichosporum) y 705 
Trichostemay 691 
Tricocceae, 549 
TrientaliSy 659 
Trifoliolate orange, 557 
Trifoliumy 547 
Triglochirty 379, 380, 381 
Trigoniaceae, 549 
rrilliumy 413 
TriodaniSy 722 
{Triorchis) y 436 
Triosteurriy 713, 715 
Triphasiay 557 
TriphorOy 436 
TripogandrOy 408, 409 
T ripterygiurriy 577 
TristaniOy 634 


Triticurriy 391 
TriumfettOy 592 
Trixis, 730 

Trochodendraceae, 504; described, 492 
Trochodendrineae, 489 
Ttochodendroriy 492, 493 
Trolliusy 497, 498 

Tropaeolaceae, described, 552-553 

Ttopaeolurriy 552 

Tropical almond, 633 

Tropidia, 436 

Trumpet flower, 700 

Trumpet, vine, 700 

Tsuga, 364 

(Tsusiophyllum) y 654 

{Tubiflora)y 708 

Tubiflorae, 676 

Tukey, H. B., 180 

Tulip, 416 

Tulip poppy, 517 

Tulip tree, 700 

Tulipa, 413 

{Tulipastrum) y 504 

Tulipeae, 415 

Tumamocay 719 

{Tumion)y 360 

Tung oil, 566 

TurnerQy 616 

Turneraceae, described, 615-616 
Turnip, 521 
Turpentine, 364 
Turpinia, 579, 580 
TurraeUy 561 

Turreson, G., 164, 168, 169, 176, 185; 

biosystematic units of, 177 
Tun ill, W. B. 93, 98, 100, 106, 119, 170, 
179, 182 

TussilagOy 728, 730 
Twinflower, 715 

Type localities, importance of, 268 
Type (nomenclatural), defined, 203-204 
Type species, designation of, 202, 203-204 
Type specimens, care of, 260; locations of, 
328, 329 

Type-basis code of nomenclature, 199 
Type-method, in nomenclature, 203-205 
Types, kinds of, 204-205; see also under 
Biosystematics, 203-205 
Typhay 373 

Typhaceae, described, 373 

Typical element, nomenclature of, 202 

Uhl, N. W., 376, 377, 380, 381, 385 
Ulbrich, E., 478 
Ullucusy 486 

Ulmaceae, described, 461-462 
Ulmoideae, 461 
UlmuSy 461, 462 

Umbel, in inflorescence phylogeny, 61, 62 
Umbellales, 642 
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Umbelliferae, described, 644-646 
Umbelliflorae, 642; alliance of Garryales, 
448 

Umbellularia, 513 
Umbrella pine, 366 
Umbrella plant, 393 
Ungnadia, 584 
Unicorn plant, 702 
Uniola, 389 

Union list of serials^ described, 309 
Unisexual flowers, morphology and dis- 
position of, 83 -84 

United States, floras of, 293, 294, 295, 296 
Units of classiflcation, biosystematic, 176- 
179; explanation of, 44 56; nomencla- 
ture of, 217; nomenclatural considera- 
tions, 217; taxonomic considerations, 44 
56 

Uphof, T. J. C., 420 

Urban, I., 327 

Urceolinia, 418 

Urea, 464 

Urechites, 673 

Urena, 593 

Ut;ginea, 416 

Urtica, 464, 465 

Urticaceae, described, 464, 465 

Urticales, described, 461 

Uiticastrum, 465 

Usteria, 669 

Utncularia, 705, 706 

Uvaria, 509 

Vacciniaceae, 654 
Vaccinioideae, 654 
Vaccinium, 653, 654 
Vagaria, 418 
Vanilla, 436 

Varossieau, W. W., 539 
Vautier, S., 475 
Vegetable hair, 407 
Valeriana, 716 

Valerianaceae, described, 715-716 
Valerianales, 712 
Valerianella, 716 

Valid publication, conditions of, 208 

Vallesia, 673 

Vallisneria, 385, 386 

Vallisneriaceae, 386 

Vallisnerioideae, 386 

Vancouveria, 501 

Van Eseltine, G. P., 702 

Van Tieghem, P., 493, 494, 610 

Variety, a unit of classiflcation, 55, 56 

Varnish tree, 574, 583 

Vascular cryptogams, phylogeny of, 101- 
102 

Vegetation areas >1 earth, 150-153 
Vegetative structures in classiflcation, 57- 
64 


Velleia, 724 
Velloziaceae, 411, 424 
Velvet beans, 548 
Venetian turpentine, 364 
Venidium, 730 
Ventral placentation, 75 
Venus flytrap, 529 
Veratrum, 413 
Verbascum, 695, 697 
Verbena, 687, 688 
Verbena, sand, 481 
Verbenaceae, described, 686-688 
Verbenales, 690 
Verbenineae, 676 
Verdoorn, F., 329, 340 
Verdoorn, I. C., 257 
Verhuellia, 445 

Vernacular names, inclusion of in floras 
279 

Vetnonia, 730 
Vetnonieae, 730 
Veionica, 695, 696, 697 
V eronicastrum, 695 
Verticillatae, described, 442 
Vessi'l, deflned, 370 
Vessels, angiosperms lacking, 370 
Vestal, P A., 605 
Vetch, 548 

Viburnum, 713, 714, 715 
Vida, 548 
Victoria, 489, 490 

Vienna Code of nomenclature, 198, 199 

Vierhapper, F., 412 

Vigna, 548 

Villadia, 531 

Villarsia, 580 

Vinca, 672, 673 

Vincaceae, 673 

Vincetoxicum, 675 

Viola, 612, 613 

Violaceae, alliance with Resedaceae, 525 
described, 612-613 
{Viorna), 498 
Vipers’ bugloss, 685 
Virginia bluebells, 685 
Virginia creeper, 589 
Viscoideae, 472 
Viscum, 471, 472 
Vismia, 605 

Visual aids, in taxonomic papers, 272 

Vitaceae, described, 585-589 

Vitex, 686, 687, 688 

{Viticella), 498 

Vitis, 588 

Vittaria, 350 

Vivania, 551 

Vochysiaceae, 549 

von Engeln, O. D., 142, 144 

Voyria, 670 

Vriesia, 407 



«22 


INDEX 


Wachendorffiat 417 
Wahlenbergia, 721, 722 
Wallace, A. R., 8, 27, 33 
Wallflower, 521 
Walnut, 455 

Walnut family, described, 453 

Walter, T., 26 

Waltheria, 596 

W'alton, J., 340 

Wangerin, W., 632 

W'^appata, 383 

Warburg, O., 510, 610 

Warhurgia, 611 

Warming, E., 466 

Washingtonian 395, 396 

Water clover family, described, 253, 

353 

Water fern family, described, 351 
Water glass, for preserving dissections, 
257 

Water hemlock. 646 

Water hyacinth, 411 

Water milfoil family, described, 640 

Water snowflake, 671 

Water-chestnut family, described, 636 

Watercress, 521 

Waterleaf family, described, 682 
Water-lily family, described, 489 
Water-plantain family, described, 382 
Watermelon, 720; Chinese, 720 
Water-starwort family, described, 567 
Waterwort family, described, 605 
Wattles, 548 
Wax plant, 675 

Weatherby, C. A., 55, 351, 382, 635 
Weatherwax, P., 390 

Wegener, A., theory of continental drift, 
142, 143 

Wehrhahn, H. R., 322 
Weibel, R., 591 
Weigelan 715 
Weinmannian 536 
Welsh Poppy, 517 
Welwitschiaceae, 368 
Wernham, H. F., 488, 660 
West Indian boxwood, 699 
West Indian cedar, 561 
West Indies, floras of, 297 
Wettstein, R. von, 94, 95, 101, 114; system 
of classiflcation, 35-36, 121, 122 
Wheat, 391 
Wheeler, L. C., 565 
Wherry, E. T., 335 
W'hiskey, 391 
Whitaker, T. W., 504 
White alder, 650 
Whitewood, 592 
Whitneyon 728 
Widder, F., 358 
Widdringtonian 366 


Wiesneria, 382 

Wigandia, 683 

Wild cinnamon, 611 

Wild cinnamon family, described, 611 

Wild ginger, 473 

Wilkinson, A. M., 713 

W'illdenow, C. L., 26, 42 

Willis, J. C., 318, 435, 467, 565, 675, 730; 

theory of age and area, 160-171 
W'lllkomm, H. and Lange, J., 300 
Willow family, described, 447 
Wilson, C. L., 65, 67-71 
Wilson, C. L. and Just, T., 81 
Wilson, L. R., Downs, R. B., and Tauber, 
M. F., 330 
Winge, 0., 178 
Winkler, H., 86, 426, 429 
Winter hazel, 538 

Winteraceae, 498, 504; described, 506 \/ 
Wmterana, 611 
Winteranaceae, 611 

Wintergreen, 654; commercial source of, 
459 

Wishbone flower, 697 
WislizeniOn 519 
Wisteria^ 548 

Witch-hazel family, described, 537 
Withner, L. L., 461 
Witsenia, 422 
Wittstein, G., 319 
Wodehouse, R. P., 652 
Wood rose, 677 

Woodson, R. E., Jr., 297, 409, 674, 675 
Woody versus herbaceous characters, 58- 
59 

W’oody versus herbaceous habit, primitive- 
ness of, 106-107 

Wooton, E. O. and Standley, P. C., 294 

Wolffian 401 

Wolffiellan 401 

World floras, 288-290 

World herbaria, abbreviations of, 2/3 

Wormian 598 

Wormwood, 731; oil of, 478 
Worsdell, W. C., 498 

Wulff, E. V., 159-160, 162, 267; on 
phytogeography, 159 

Xanthiunin 728, 730 
Xanthoceras, 583 
Xanthorrhizan 496, 498 
Xanthorrhoraceae, 415 
iXanthoxalis), 550 
Xeranthemunin 731 
XimenUin 469 
XyhpiOn 509 
Xylosmun 614 

Xyridaceae, described, 403-404 
Xyridales, 404 
XyriSn 403, 404 
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bean, 548 

ram family, described, 421 
Keatsia, 708 
bellow bells, 700 
Yellow Jessamine, 670 
Yellow oleander, 673 
Yellow-eyed grass family, described, 
403 

Yew family, described, 360 
Youngken, H. W., 451 
Yucceae, 419 


Zamia, 356, 357 
Zamioideae, 357 
Zawnchellia, 377 
Zanichelliaccae, 377 
Zanichellieae, 377 
Zantcdeschia, 399, 400 
Zanthoxylaceae, 556 


Zanthoxylum^ 557 
Zauschneria, 638, 639 
Zea, 389, 390, 391 
Zebrina, 408, 409 
Zephyrantheae, 418 
Zephyranthus, 420 
Zeiigites, 387 
Zingiber^ 428 

Zingiberaceae, described, 427-428 

Zingiberales, 425 

Zingiberoideae, 428 

Zinnia, 728 

Zizyphus, 588 

Zoisia, 391 

Zostera, 376, 377 

Zosteraceae, 377 

Zosterella, 411 

Zygomorphy, characteristics of, 84 
Zygophyllaceae, described, 555-556 
Zygophyllum, 556 







